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SYMPOSIUM ON THE TREATMENT OF CHRONIC BERYLLIUM POISONING 
WITH ACTH AND CORTISONE 


CHRONIC PULMONARY INTERSTITIAL GRANULOMATOSIS 
Preliminary Report on Two Patients Treated with ACTH 


JOSEPH M. DE NARDI, M.D. 
LORAIN, OHIO 


EFORE giving my limited experience in treating patients for chronic beryllium 
poisoning I wish to comment on the question whether pregnancy is related to 
the course of the disease. 

On this issue I wish to refer to cases 4 and 5 reported in our paper ' on chronic 
pulmonary granulomatosis published in the American Journal of Medicine in 
September 1949. The patient in case 4 had two normal pregnancies, one in 1948 
and one in 1950, with definite clinical improvement during and after each pregnancy. 
Likewise, the patient in case 5 revealed definite clinical improvement during and 
after termination of a normal pregnancy in 1950. Both of these women exhibited 
severe symptoms of the disease previous to their pregnancies. 


This experience is limited and I am not advocating pregnancy as a method of 
improving the afflicted woman in the child-bearing period. It is, however, food for 
thought, as we are aware of the hormonal changes produced in the mother by the 
fetus in utero. 


The intent of this preliminary report is to direct attention to the subjective relief 
afforded by the pituitary adrenocorticotropic hormone (ACTH, corticotropin) in 
two cases of chronic pulmonary interstitial granulomatosis. Beryllium exposure 
was a factor in both cases. 

REPORT OF CASES 


Case 1—A white man, now 50 years of age, was employed in a beryllium basic production 
plant on April 30, 1945. For the first seven days he worked with the soluble fluoric salt com- 
pounds of beryllium, but because of evidence of dermal intolerance he was transferred to a 
department where melted and ground ore was treated with sulfuric acid. Three weeks later he 
began to have a spasmodic productive cough, substernal discomfort and exertional dyspnea. 
A clinical diagnosis of acute chemical bronchitis was established. The roentgen examination of 
the chest showed nothing of significance. Under ambulatory symptomatic therapy he made an 
uneventful recovery and returned to work on July 9. However, within 10 days he had a recur- 
rence of subjective and objective symptoms. After complete recovery he was ordered medically 
released from the industry on September 11. 

His subsequent place of employment was approximately 1% mi. (2.5 km.) from the beryllium 
plant and his permanent residence about 9 mi. (14.5 km.) away. 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 


1. De Nardi, J. M.; Van Ordstrand, H. S., and Carmody, M. G.: Chronic Pulmonary 
Granulomatosis, Am. J. Med. 7:345-355 (Sept.) 1949. 
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In October 1947 he first became aware of a refractive spasmodic productive cough, progressive 
exertional dyspnea and anorexia with associated loss of weight. 

The paroxysmal cough gradually increased in intensity and frequency, and in the expectorated 
mucus a greenish tinge developed. Exertional dyspnea and anorexia became pronounced. 
Eventually, in March 1948, the severity of the symptoms forced him to forego all physical work. 

During the first two years of the disease the coughing paroxysms were associated with 
vertigo. Frequent attacks of “mild chills” and fever were experienced during the first few 
months following the onset and to a lesser degree up to the time of hospitalization in August 1950. 

The patient was referred for consultation on April 26, 1948 after interpretation of a pul- 
monary roentgenogram. His temperature was normal; pulse rate, 75; respiratery rate, 20; blood 
pressure, 95/70. The vital capacity was read at 3.4 1. and computed as 82 per cent of the expected 
normal. The breath-holding time was 20 seconds. 


The patient did not appear acutely ill. Respiratory distress was not apparent at rest, nor 
was acrocyanosis present. 

There was an equal thoracic limitation of motion on forced inspiratory effort, during which 
time the patient complained of substernal pain. Percussion tone was unimpaired. No abnormali- 
ties were detected on auscultation. 

A pulmonary roentgenogram taken on April 13, 1948 revealed a diffuse granular involvement 
throughout the parenchyma of both lung fields. There was an associated prominence of hilar 
shadows without nodulation. Roentgenograms of the hands failed to show any osseous changes. 
Clinical studies on blood and urine demonstrated that these were essentially normal. A diagnosis 
of chronic pulmonary granulomatosis occurring in a beryllium worker was made. 

The patient has been examined at regular and frequent intervals for the progress of the 
disease. Specialized studies were conducted at the University of Rochester School of Medicine 
in the fall of 1948. 

Despite varied and intensive supportive therapy since the initial examination, the patient 
became progressively worse and consequently was hospitalized on Aug. 15, 1950. 

The admission examination revealed a severely emaciated, mentally depressed patient exhibit- 
ing dyspnea at rest. Spasmodic coughing was pronounced during the entire examination. 

The blood pressure was 110/74. The weight was 120 Ib. (54.5 Kg.), a 60 Ib. (27 Kg.) loss 
since the onset of symptoms in 1947. The vital capacity was read at 2.0 1. and computed as 
48 per cent of the expected normal. Acrocyanosis and early clubbing of the finger tips were 
noticed. There was definite limitation of thoracic motion. The percussion tone was resonant 
throughout, and sibilant rhonchi were present at both bases. 

A pulmonary roentgenogram taken on Aug. 19, 1950 revealed the previously described pattern 
plus a suggestive honeycomb appearance of the upper part ef each lung field. 

Three days previously ACTH therapy had been started. Up to Sept. 7, 1950, the date of 


hospital discharge, he received a total of 1,300 mg. of the corticotropin. A maintenance dose 
of 20 mg. per diem is currently prescribed. 


Roentgenograms taken on September 1 failed to reveal any appreciable change in the pattern. 
During the period of hospitalization several clinical blood studies and numerous urinalyses failed 
to disclose significant abnormalities. The temperature range was within normal limits, the pulse 
ranged between 80 and 100, and the respiratory rate between 20 and 30. 

During the three weeks of hospitalization the patient began to manifest an excellent appetite 
and gained 8 Ib. (3.5 Kg.). The mental outlook was definitely improved. Dyspnea and the 
frequency of coughing paroxysms were reduced. 


The last examination prior to this report was made on October 11. The patient had increased 
his weight to 132 Ib. (60 Kg.) and his vital capacity to 2.4 1. 


Case 2—A white woman, now 70 years of age, was referred in May 1950 for consultation 
on the basis of the interpretation of a pulmonary roentgenogram. 

The history of beryllium exposure was rather meager. In 1941 she had resided two standard 
city blocks southwest of a beryllium production plant. From 1942 until the present time she 
has resided eight to nine blocks directly south of the same plant. No history of coming into 
either direct or indirect contact with workers at the plant could be established. The patient did 


assert that when living in the immediate area she was conscious of fumes which caused coughing, 
especially at night. 
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The initial examination was made on May 17, 1949. The history of symptoms began in 
September 1948 with coryza. The coryza improved, but a definite residual “hoarseness” became 
apparent, which was associated with a slight, “tickling” cough that gradually became productive 
in the course of several months. The mucus was tenacious, of yellow color and devoid of blood. 
The cough had progressed in severity and frequency and had been paralleled with progressive 
dyspnea and a sense of substernal pressure and burning in the inspiratory phase. However the 
appetite had remained unimpaired, and there had been no apparent loss of weight. 

The temperature was normal; pulse rate, 96; respiratory rate, 32; blood pressure, 150/70. 
The weight was 169 Ib. (76.5 Kg.); the height, 62% in. (159 cm.). The vital capacity was 
read at 1.0 1. and computed at 32 per cent of the estimated normal. The patient exhibited severe 
dyspnea at rest. Pronounced acrocyanosis was noted. The finger tip contour was normal. There 
was no pulmonary osteoarthropathy. 

Definite limitation of thoracic motions was evident. The patient complained of substernal pain 
on relatively mild inspiratory effort. Percussion tone was resonant throughout. Basal sibilant 
rhonchi were present. 

Pulmonary roentgenograms taken on May 18, 1949 revealed a diffuse granular involvement 
of the lung fields. The pattern indicated a diagnosis of chronic pulmonary granulomatosis. 
Roentgenograms of the hands did not disclose osseous abnormalities such as those sometimes seen 
in Boeck’s sarcoidosis. 

The patient was examined at rather frequent intervals for progress of the disease. On Nov. 
29, 1949 clinical studies on a blood sample gave the following results: red blood count, 5,300,000; 
hemoglobin, 100 per cent; white cell count, 12,150, with normal differential percentages; total 
serum protein, 7.2 mg. per 100 cc., with an albumin-globulin ratio of 1.7:1. Urinalysis gave 
essentially negative results. 

As the patient’s symptoms became progressively aggravated, hospitalization for oxygen 
therapy became necessary on May 8, 1950. Until this time her mental outlook had been fairly 
optimistic and her cooperative spirit exceptional. 

The admission examination revealed a rather well nourished but mentally depressed white 
woman, 621% in. in height and weighing 160 Ib. (12.5 Kg.). Spasmodic coughing was almost 
constant throughout the examination. Constant high concentration of oxygen was necessary for 
the purpose of maintaining some degree of comfort. The respiratory rate was 4% per minute. 
Despite the oxygen therapy, pronounced acrocyanosis was apparent. The finger nails showed 
early evidence of “watch glass” curving. Cardiac dulness was beyond normal limits bilaterally ; 
the cardiac rate was 120 and the blood pressure 150/82. Thoracic motion was markedly limited. 
The percussion tone was resonant throughout. Auscultation revealed inspiratory sibilant rhonchi 
throughout. Moist rales were discerned at the bases posteriorly. 

A pulmonary roentgenogram taken on May 10, 1950 revealed the same nodular and granular 
pattern of the parenchyma as previously described. Enlargement of the cardiac silhouette was 
evident. 

Laboratory observations on admission were as follows: red blood cell count, 4,140,000; 
hemoglobin, 80 per cent; white blood cell count, 10,250, with normal differential percentages ; 
total serum protein, 10.4 mg., with an albumin-globulin ratio of 1.3: 1. Numerous urinalyses 
gave essentially negative results throughout her hospital stay. On September 27 the red blood 
cell count was 4,520,000, the hemoglobin 94 per cent and the white blood cell count 10,950, with 
a normal differential count. 

Approximately 4 Gm. of cortisone acetate was administered between June 4 and 16, without 
any appreciable clinical response. Almost constant utilization of oxygen was necessary to relieve 
dyspnea and cyanosis. Because of appreciable right-sided cardiac failure with evidence of decom- 
pensation, meralluride injection U. S. P. (mercuhydrin® sodium solution) and digitalis were 
administered, with some therapeutic response, as indicated by clearing of peripheral edema. 

On July 28 ACTH therapy was instituted. Until the date of hospital discharge, two months 
later, the patient had received more than 3 Gm. of the drug. She has been on a daily maintenance 
dose of 20 mg. of the drug to date. 

In addition to cortisone and ACTH therapy, the patient received 12,000,000 units of penicillin 
between May 14 and June 3 and also 10 Gm. of chloramphenicol (chloromycetin®) between 
July 24 and August 3. No apparent clinical improvement resulted from the use of the latter 
two drugs. 
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Pulmonary roentgenograms of August 7 disclosed some improvement. Further roentgen 
study on September 27 demonstrated additional improvement. 

The temperature remained within normal limits throughout the period of hospitalization. 
The pulse rate ranged between 80 and 100; the respiratory rate, between 20 and 40. 

A gradual but appreciable clinical improvement was obvious three days after the inception 
of ACTH therapy. Dyspnea and cyanosis receded. Oxygen was less frequently needed and was 
not required after September 20. The mental attitude improved definitely, and the patient 
acquired a rather optimistic attitude toward the future. There was a gradual loss of weight 
despite a normal appetite. Some of this loss may be ascribed to the concomitant loss of cardiac 
decompensation edema. The weight at the beginning of ACTH therapy was 142 lb. (64.5 Kg.), 
compared with a hospital discharge weight of 138 lb. (62.5 Kg.). 


SUMMARY 


Two advanced cases of chronic pulmonary interstitial granulomatosis having 
beryllium exposure as a factor have responded clinically to ACTH. 

There has not been any roentgenographic pattern of recession in one case up 
to the present time. The localized recession in the second case is not conclusive in 
view of the existing major cardiopathy. 

[Before leaving the amphitheater, Dr. De Nardi made the statement below. ] 

Considering the present over-all status of ACTH and cortisone, it is my opinion 
that their use should be limited to those cases of chronic beryllium poisoning in 
which the symptoms are severe and there is clinical evidence of progressive aggra- 
vation of the disease. 

Up to now both ACTH and cortisone have given some definite clinical improve- 
ment in these cases only during the period of their administration and for a few 
days thereafter. After their use is discontinued, there is a regression to the previous 
clinical state. 
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CASE OF CHRONIC BERYLLIUM POISONING FROM 
ATOMIC ENERGY DEVELOPMENT 


ROBERT J. HASTERLIK, M.D. 
CHICAGO 


HIS REPORT concerns itself with the treatment of a 36 year old physicist 
ill with beryllium poisoning since the spring of 1948. 


During the period 1938 to 1941 this man worked in the physics department of an Eastern 
university and was specifically involved in the early studies on neutrons and neutron sources. 
On several occasions he made up neutron sources and in so doing weighed out in an open room, 
without ventilation, 10 Gm. samples of finely powdered beryllium metal. In 1941 he joined 
the staff of the University of Chicago Metallurgical Laboratory and was engaged in the building 
of the first nuclear reactor. The patient was exposed to beryllium oxide bricks which were 
stacked in his laboratory, often handled, and moved about. 

A routine roentgenogram of the chest made on Jan. 6, 1946 was interpreted as follows: “The 
lung fields are diffusely granular in appearance and look subjectively like silicosis.” At that 
time the patient was asymptomatic and so did not consult a physician. 

This man had always been physically vigorous. However, in the spring of 1948 he noted 
that he was unable to play tennis without marked shortness of breath. By July 1948 he was 
unable to engage in any athletic activities and entered the University of Chicago Clinics for 
study. 

A roentgenogram of the chest made at the clinics revealed numerous granulomas scattered 
throughout both lung fields, sparing the bases for the most part. The hilar lymph nodes were 
grossly enlarged bilaterally. Physical examination revealed a 20 lb. (9 Kg.) loss of weight, 
slight cyanosis, numerous moist rales throughout both lungs and other abnormalities in accord 
with the usual clinical picture. 


The vital capacity in July 1948 was 3.6 1. and gradually fell to 2.2 1. during the next 18 


months accompanied with progressive increase in the symptoms, further loss of weight, deepening — 


cyanosis and clubbing of the distal phalanges of the fingers and toes. Progressive unfavorable 
changes were also noted in the chest roentgenograms. In 1949 and early in 1950 the patient was 
hospitalized on several occasions for rest in bed and other nonspecific therapy, with but slight 
improvement on each occasion. On March 16, 1950 he was hospitalized in the University of 
Chicago Clinics, and on March 23, 1950 treatment with the pituitary adrenocorticotropic hor- 
mone (ACTH, corticotropin) was begun. 

The vital capacity on the day of institution of therapy was 2.2 1., the venous pressure 19.8 cm. 
of water, and the patient’s weight 128 Ib. (58 Kg.). Therapy was begun with 100 mg. of 
ACTH, which was given in four doses at six-hour intervals. Certain ancillary studies, such 
as dextrose tolerance tests, determinations of the blood sodium and potassium levels, liver function 
tests and eosinophil counts were done but will not be described. 

By the fourth day of therapy the patient for the first time felt much improved. On the 
twelfth day the dosage was reduced to 70 mg. daily. On this date the vital capacity had risen 
to 3.6 1. and the venous pressure had fallen to 7 cm. of water. The patient was given permission 
to leave the hospital for an hour and a half; he went to his laboratory, climbed several flights 
of stairs and was able to walk rapidly without dyspnea. Only an occasional rale was heard on 
auscultation of the chest. 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts Gen- 
eral Hospital, Boston, Dec. 13, 1950. 
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It was not difficult to prevent the accumulation of edema fluid on a diet restricted to 2 Gm. of 
sodium ion and 4 Gm. of potassium chloride daily. The patient had a ravenous appetite 
and consumed 4,000 calories each day, including 150 Gm. of protein. The ACTH dosage 
was gradually reduced until four weeks after the institution of therapy he was 
discharged from the hospital on a dosage of 5 mg. each six hours. Two weeks prior 
to this, on 40 mg. daily, his vital capacity had been 4 1, and the patient felt exceedingly 
well. On the 20 mg. dose the vital capacity fell to 3.2 1. and, although he was in a state greatly 
improved over that noted one month previously, still he had lost some of the improvement gained. 

During the fourth to twelfth week the patient was back at his usual duties with the ACTH 
dose varying between 20 and 40 mg. At the twelfth week ACTH therapy was stopped. Within 
a few weeks there occurred a return of all the previously present signs and symptoms. A 7 Ib. 
(3 Kg.) loss of weight occurred, marked anorexia and nausea were present, and the vital 
capacity dropped to 2.51. Oxygen administered for 10 to 15 minutes before meals helped control 
the nausea present after meals. Since it was apparent that shortly the patient would revert 
to the same condition as that which ebtained before the institution of therapy, in March, it was 
agreed that ACTH therapy should be given again. Accordingly, starting on July 28, 1950 
100 mg. of ACTH was administered daily. For the first seven days no objective or subjective 
improvement occurred, nor did the eosinophil count decrease. On the eighth day 100 mg. doses of 
ACTH of another manufacturer were begun, and a prompt clinical effect was noted. 

The patient has had this medication continuously now for four and one-half months. A dos- 
age of 50 to 60 mg. per day in four divided doses maintains his vital capacity at 3.5 to 3.81. His 
cyanosis is barely perceptible. He is able to put in a full day at his laboratory and notes dyspnea 
only on rapid climbing ef stairs. A gradual gain of weight (and this does not represent edema 
fluid for the most part) has brought him to 152 Ib. (69 Kg.). 

Certainly, there have been ne striking changes in the roentgenographic appearance of the 
lungs. It would appear, however, that the granulomas are slightly smaller, and fewer. An addi- 


tional finding of interest is the disappearance of the clubbing of the distal phalanges of the fingers 
and toes. 


I do not believe that this patient is “cured.” ACTH is merely modifying his 
response to the toxic agent. However, ACTH seems to be a drug valuable in tiding 
the critically ill patient over a period while further work progresses on means of 
“tying up” the beryllium ion and removing it from the body. Work recently done 
in the radiobiochemical group at the Argonne National Laboratory demonstrates 
that ACTH does not affect distribution or excretion of BeSO, (using Be’ as 
a tracer) in the mouse following intravenous and intraperitoneal injection. 
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FIVE CASES FROM THE FLUORESCENT LAMP INDUSTRY 
Treatment of Chronic Beryllium Poisoning with ACTH and Cortisone 


EDWARD M. KLINE, M.D. 
SCOTT R. INKLEY, M.D. 
AND 
WALTER H. PRITCHARD, M.D. 
CLEVELAND 


T THE 1950 meeting of the American College of Physicians in Boston, Dr. 
George W. Thorne, in a general discussion of the therapeutic use of the 
pituitary adrenocorticotropic hormone (ACTH; corticotropin), mentioned briefly 
a case of chrenic beryllium poisoning in which the patient, although in the early 
stages of treatment, had already shown some improvement. This news was greeted 
with great hope and enthusiasm. To us who had seen our patients gradually 
deteriorate, anything remotely promising seemed justified. The able advice of 
Dr. Harriet Hardy was immediately sought and graciously given. Dr. Hardy was 
cautious but encouraging. Through her office a contact was made with Dr. Robert 
J. Hasterlik of Chicago, who hal under ACTH treatment a young physicist, who 
was then showing remarkable improvement. This acquaintance proved very help- 
ful, particularly in regard to the dosage which should be employed. Shortly before 
we began treatment of our first patient, the favorable report on the single patient 
treated by Kennedy, Pare, Pump and Stanford appeared.’ 

Since May 1950 we have had an opportunity to study and treat with ACTH 
five patients who had been proved to have beryllium poisoning. Three of the 
cases have been reported in a preliminary manner.*? The purpose of this paper is 
to report in greater detail the response of these patients and two additional ones 
to this treatment as determined by (1) clinical assessment of improvement in 
symptoms, (2) evaluation of lung changes shown by roentgenograms and 
(3) appraisal of changes in pulmonary function shown by standard functional tests. 


METHODS 


All patients were hospitalized during the period of study. Within the first few days before 
ACTH therapy was begun contrel studies were made. Daily weight, caloric intake and a clinical 


From the Department of Medicine, Western Reserve University, and the University 
Hospitals. 

Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 

1. Kennedy, B. J.; Pare, J. A. P.; Pump, K. K., and Stanford, R. L.: The Effect of Adreno- 
corticotropic Hormone (ACTH) on Beryllium Granulomatosis, Canad. M. A. J. 62:426 (May) 
1950. 

2. Inkley, S. R.; Kline, E. M., and Pritchard, W. H.: Improvement of Pulmonary Function 
Following the Administration of Adrenocorticotrophic Hormone (ACTH) in Chronic Beryl- 
lium Poisoning, J. Lab. & Clin. Med. 36:840 (Nov.) 1950. 
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appraisal of symptoms were noted. Evidence of continuous ACTH stimulation of the adrenal 
glands was obtained by fasting eosinophil counts, made three times weekly. 

For studies of respiratory function, the Collins respirometer was used. Each procedure 
consisted of at least three separate determinations, the patients lying in bed with their heads 
elevated on one or two pillows depending on their degree of dyspnea. The maximal deter- 
mination of each procedure was selected for comparison. Arterial blood oxygen content and 
saturation were determined by Van Slyke manometric analysis or by the spectrophotometric 
technique of Hickam and Frayser.$ Studies were made of all patients before and during therapy 
and of three patients also at varying intervals following discontinuance of therapy. For the 
determinations of beryllium levels of 24-hour urinary specimens, we are indebted to Mr. A. 
Poritsky of the Lamp Department of the General Electric Company. The method * involved the 
use of large volumes (800 cc.) of urine. After wet ashing, the centrifuged precipitates were 
dissolved in nitric acid. The beryllium was further concentrated by precipitation and centrifuging. 
The precipitate, which was still fairly large, was acid-ashed to rid it of any remaining organic 
material and the beryllium precipitated for spectroscopic analysis. 


Determinations of the urinary levels of 17-ketosteroids were made for us by Dr. Ralph 
Dorfman. 


TABLE 1.—Initial Laboratory Studies (Control Period) 


Case 1 » Case 3 
Red blood cells per cu. mm... oe J 6,090,000 
Hemoglobin, Gm./100 ee. 1 . 15.9 
Hemoglobin, % 102 
Hematocrit reading, % 54 
White blood cells per ecu. m 5,300 12,100 6,550 7,950 
Differential percentages ........ oe Normal Normal Normal 
Serum chloride, mEq 100 
Serum sodium, mEq 
Serum potassium, mEq 
Serum calcium, mg./100 ec 
Serum phosphorus, mg./100 ce 
Serum alkaline phosphatase, Bodansky units.... 
Total serum proteins, Gm./100 ec 
Serum albumin, Gm./100 ce on, 
Serum globulin, Gm./100 ec. 3.5 . 
Electrocardiogram N 


27 
rmal Right axis 
deviation 


Basal metabolic rate, % +14 
Results of urinalysis Normal 


2,618 
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REPORT OF CASES 


1 (man, aged 36, University Hospitals no. 295-739) .—Industrial History.—L. T. began 
working in a fluorescent lamp factory as a millwright on Nov. 17, 1939, continuing to Aug. 11, 
1943, when he was inducted into the Army. Until Oct. 10, 1942 he was occasionally heavily 
exposed to beryllium-containing phosphors when it was necessary for him to clean the exhaust 
ducts that carried the effluent from the mixing room to the outside of the building. Other than 
this, his exposure was slight. He returned to employment on March 18, 1946 as a machinist, 
spending all of his time in the machine shop which was located in a separate room at a con- 
siderable distance from any of the lamp-manufacturing operations. He has continued in this 
work to the present time with the exception of 15 months from June 1, 1948 to Sept. 26, 1949, 
when, owing to the progression of his disease, he was unable to work. 


Medical History—He first reported to the company dispensary on June 15, 1948, stating 
that he had suffered from phlebitis in October 1947 and that this had been followed by weakness, 


3. Hickam, J. B., and Frayser, R.: Spectrophotometric Determination of Blood Oxygen, 
J. Biol. Chem. 180:457 (Aug.) 1949. 


4. Cholak, J., and Hubbard, D. M.: Spectrographic Determination of Beryllium in Bio- 
logical Material and in Air, Analyt. Chem. 20:73 (Jan.) 1948. 
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increasing dyspnea, cough and loss of weight. The company medical records indicated that his 
weight of 120 Ib. (54.5 Kg.) represented a loss of 30 lb. (13.5 Kg.). A chest roentgenogram 
made on June 15, 1948 showed a fine granular infiltration throughout both lung fields with some 
increase in the hilar shadows. These changes were considered typical of chronic granulomatosis 
occurring in beryllium workers. His symptoms increased, his weight fell to 116 Ib. (52.5 Kg.), 
and since there was not any specific treatment it was considered advisable to give him a leave 
of absence, encouraging him to rest as much as possible. His weight gradually increased to 
135 Ib. (61 Kg.) and, although he was still coughing considerably, he started light work again 
on Sept. 26, 1949. 

Kidney stones were passed, usually with little discomfort, on six occasions. Twice when 
they were analyzed spectographically they contained no beryllium. 

Over the next year his symptoms reappeared and his weight fell to the lowest it had been 
at any time (114 Ib. [51.5 Kg.]), and it was decided that a trial of ACTH therapy was indicated. 
He was admitted to the University Hospitals on June 1, 1950. 

Physical Examination.—The patient’s temperature was 36.8 C. (98.2 F.); pulse rate, 78; 
respiratory rate, 18; blood pressure, 110/70. The most striking thing was that he appeared so 
much older than his actual age. There were cyanosis of the lips and the nails and clubbing of the 


Fig. 1 (case 1).—Patient L. T.: A, before treatment. B, after 23 days of ACTH therapy. 


fingers. He was not dyspneic at rest. The heart sounds were normal, and the lungs were clear 
to ordinary examination. The results of the abdominal examination were normal. 


Pertinent Initial Laboratory Findings—Most of the findings are shown in table 1. In addi- 
tion, the admission roentgenogram revealed fine granular shadows throughout both lungs with 
additional irregular streaks in the upper lobes bilaterally, especially on the right. There was 
emphysema in both apexes and near the right hilus. 


Hospital Course and Progress Report.—After a test dose of ACTH ® the fasting total 
eosinophil count dropped from 310 to 86 per cubic millimeter in four hours. On June 7, 1950 
ACTH treatment was begun. The treatment schedule was fairly uniform for al! cases. Initially 
(except case 5, L. K.) 100 mg. was given daily, divided into four equal doses. This dosage was 
usually continued for about one week and then the dose was reduced gradually every five or six 
days, the patient’s appetite and sense of well-being assuring us that the remission was main- 
tained. We found it most effective to continue the four injections daily until the quantity for the 
24 hours had been lowered to approximately 20 mg. 

On the third day of treatment the patient began to feel improved. His appetite increased, 
and there was lessening of his cough and dyspnea. His weight began to increase gradually from 
the 114 Ib. (51.5 Kg.) on admission to 136 Ib. (61.5 Kg.) on the twenty-first day of treatment 


5. The corticotropin used was that prepared by the Armour Laboratories (acthar®). 
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without the appearance of demonstrable edema (fig. 1). Breathing capacity was substantially 
increased (fig. 6), and a roentgenogram made on the seventh day of treatment showed slight 
but definite clearing. This improvement continued for another two weeks, and then the diffuse 
infiltration remained constant. 

Our original plan was to have the patient administer ACTH to himself after his discharge 
on June 28, 1950. However, he could not do this. Instead, 12.5 mg. of ACTH was given twice 
daily at his plant dispensary. Since this routine permitted only five treatment days each week, 
it proved to be a poor arrangement. After three months of treatment the administration of 
ACTH was discontinued on Sept. 8, 1950. Two months later his cough had begun to return and 
his weight had fallen 10 Ib. (4.5 Kg.) below his maximum during the treatment period. 

Case 2 (man, aged 41, University Hospitals no. 286-383).—J/ndustrial History.—R. C. 
worked from June 25, 1938 to Aug. 29, 1947 as an attendent maintaining the sealing and exhaust 
machines used in the manufacture of fluorescent lamps. Until Oct. 10, 1942, beryllium-containing 
phosphors were mixed in a room located about 25 ft. (7.5 m.) away from his normal working 
position, and he would make at least one trip a day into the area, spending on the average 


Fig. 2 (case 1).—Roentgenograms of L. T.: A, taken before treatment. B, taken on the 


seventeenth day of ACTH therapy. General clearing of the “soft” shadows is demonstrated. 
There has been a slight increase in heart size. 


15 minutes there. The only other contact he had with beryllium was when an occasional fluores- 
cent tube would implode, discharging into the air a small amount of the fine powder. 

Medical History.—R. C. had enjoyed excellent health until early in 1945, when he noticed 
exhaustion, a loss of weight from 190 to 170 Ib. (86 to 77 Kg.), chronic cough, dyspnea and night 
sweats. In April 1946 he was studied thoroughly by Dr. George Wright at the Saranac Labora- 
tory with the following results: Although a chest roentgenogram made sometime in 1944 had 
been normal, one made on March 5, 1945 was interpreted as showing a generalized miliary type 
of nodulation scattered throughout both lungs with some tendency toward coalescence in the 
middle thirds near the hili. There was frank polycythemia with a red blood cell count of 7,650,000 
and a hemoglobin content of 20.3 Gm. without a corresponding increase in the total plasma 
volume above the predicted normal value. This feature had not been described in any other cases 
observed up to that time. The arterial blood was 77 per cent oxygen saturated at rest, the 
saturation being reduced to 72.5 per cent after five minutes’ exercise at 3 mi. (4.8 km.) per hour 
on the level. Saturation was complete after the breathing of pure oxygen. On account of the 
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history of exposure to beryllium-containing phosphors, a diagnosis of “beryllium sarcoid,” as 
the condition was called at that time, was entertained. A miliary type of Boeck’s sarcoid, mycotic 
infection and miliary tuberculosis were also considered. 

Over the next year his symptoms progressed until he was unable to walk more than a few 
feet on the level without dyspnea, and his weight fell to 145 Ib. (65.5 Kg.). On Aug. 29, 1947 
it became impossible for him to carry on even the lightest sort of work. At this point the process 
became more stabilized, and only slight deterioration followed. 

On June 6, 1939 he had fallen backward against a large crate of fluorescent lamps. Extensive 
lacerations of the back of the head and neck were sustained. These were sutured, and although 
they healed promptly, a keloid later developed with periodic inflammatory reaction and discharge 
of purulent material. Roentgenograms showed numerous pieces of embedded glass. Although the 
lacerations finally healed completely, extensive excision of the area in December 1947 and 
January 1948 was suggested by Dr. A. D. Nichol. The excised tissue showed typical granu- 
lomas similar to those encountered in the lungs of individuals dying from the constitutional 
type of disease. 

On the evening of June 11, 1950, the day before he was to be admitted to the University 
Hospitals for ACTH therapy, he noticed substernal and infrascapular pain associated with 
increase of dyspnea and cough. This onset was identical with that of three previous attacks of 
pneumonia on June 3, 1948, July 11, 1949 and Jan. 18, 1950. Hospitalization was arranged 
without delay. 

Physical Examination —His temperature was 38.8 C. (101.8 F.); pulse rate, 90; respiratory 
rate, 30; blood pressure, 132/86. The patient was thin, cyanotic and dyspneic at rest in bed. 
There were coarse rales throughout both lungs, but no areas of consolidation could be made out. 
There was a distinct cardiac gallop (a finding noted from time to time for two years before 
this). The fingers showed moderate clubbing. 


Pertinent Initial Laboratory Findings.—In addition to the results shown in table 1, the chest 
roentgenogram taken on admission showed fine mottled shadows of a granular character 
scattered throughout both lung fields, with streaks of increased density extending out from 


the lower poles of both hili. There was no frank consolidation. The total transverse diameter 
of the heart was within normal limits. The electrocardiogram showed extreme right axis devia- 
tion with evidence in the precordial leads of right ventricular hypertrophy. 

Hospital Course and Progress Report—On account of the acute respiratory infection, the 
patient was placed in an oxygen tent and given penicillin daily. Within 48 hours his temperature 
was normal and he felt greatly improved. Daily administration of 100 mg. of ACTH was begun 
on June 21, 1950. The improvement in this patient was slower than in the others. This may have 
been due to the fact that the disease process was further advanced and that treatment was insti- 
tuted when the patient was convalescing from an acute respiratory infection. However, on the 
fourteenth day of treatment it was clear that a remission had begun. His appetite increased, 
cough and dyspnea lessened, and he felt greatly improved. Although in the roentgenogram of 
July 7, 1950 there was a decrease in the size and the density of many of the lung shadows, 
clearing did not appear to progress any further. We gradually reduced the quantity of ACTH, 
always making certain that the remission was maintained, until a dosage of 12.5 mg. twice daily 
was reached. The period of treatment extended three months, and during this time his weight 
rose from 128 to 150 Ib. (58 to 68 Kg.). There was marked improvement in his breathing 
capacity (fig. 6), and his arterial blood oxygen at rest increased from 73 per cent on June 20, 
1950 to 82 per cent on July 5, 1950. The hematocrit fell from 65 to 50 per cent. 

During the treatment, when ACTH therapy was unavoidably discontinued for 24 hours on 
account of an inadequate supply of the drug, the patient’s temperature rose sharply to 40.4 C. 
(104.7 F.) and returned to normal promptly after treatment was reinstituted. This occurred 
again near the end of the period of treatment, when the ACTH was at a maintenance level of 
25 mg. daily. The possibility that ACTH was masking some latent infection was considered, 
and penicillin was given daily for three days. Subsequent to this procedure, the ACTH dosage 
was tapered off during the final week and discontinued without incident on Sept. 20, 1950. On 


6. This case has been reported in detail by Drs. A. D. Nichol and Rafael Dominguez 
(Cutaneous Granuloma from Beryllium Phosphors, J. A. M. A. 140:855-860 [July 9] 1949). 
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November 20 his weight was 145 Ib. (66 Kg.) and, although he was not feeling as well as when 
he was under active treatment, he considered himself much improved over the pretreatment 
period. 

Case 3 (man, aged 27, University Hospitals no. 296-736).—IJndustrial History —N. B. was 
employed in a factory where beryllium-containing phosphors were manufactured from Sept. 5 
to Oct. 7, 1944, and during this period he had only 25 days of actual exposure. He worked eight 
hours a day mixing fluorescent powders in barrels with a shovel, loading revolving ball mills, 
charging ovens and breaking up lumps of the heated material. A respirator was worn most of the 
time and, in fact, he voluntarily quit the job because he was not content to wear the protective 
mask. 

Medical History.——About July 1948 he first consulted a physician regarding his health. At 
that time he was losing weight and had a severe cough, general tiredness and shortness of 
breath on exertion. No definite diagnosis was made, however, until a chest roentgenogram was 
made in March 1949 during a city-wide tuberculosis survey. 

He was admitted to Crile Veterans Hospital on May 2, 1949, where a diagnosis of chronic 
beryllium poisoning was made. He felt better while resting there, although his weight fell from 
150 Ib. (68 Kg.) on admission to 146 lb. (66 Kg.) at the time of discharge on June 22, 1949. 
During the next year he was too ill to work, and his weight continued to decrease. On July 1, 
1950 he was admitted to the University Hospitals for ACTH therapy. 

Physical Examination.—His temperature was 37.4 C. (99.3 F.); pulse rate, 100; respiratory 
rate, 20; blood pressure, 120/80. He was thin and appeared to be chronically ill but was com- 
fortable at rest in bed. There was cyanosis of the lips and the nail beds with advanced clubbing. 
The heart was normal. Except for an occasional rhonchus in the chest, the lungs were clear 
to ordinary examination. 

Pertinent Initial Laboratory Findings—Most of the results of the laboratory studies are 
listed in table 1. In addition, the chest roentgenogram showed the classic diffuse fine granularity 
so characteristic of these cases. There were no areas of emphysema. 

Hospital Course and Progress Report—Administration of ACTH was begun on July 6, 1950, 
after the routine testing procedure described for the other cases. Within two days the patient 
began to feel much improved, and his cough and shortness of breath lessened (figs. 6 and 7). 
His appetite soon became enormous, and for a three-week period his caloric intake averaged 
5,274 per day. His weight increased rapidly, so that he gained 19 Ib. (8.5 Kg.) during the 23-day 
period of hospital treatment. Slight clearing of the lungs, particularly of the upper half of each 
lung, was noted in the chest roentgenogram, but the bases remained unchanged. During the 
three months of treatment he continued to improve, and when ACTH therapy was discontinued, 
on Oct. 9, 1950, he was able to return to light work. 

Case 4 (man, aged 34, University Hospitals no. 301-168).—J/ndustrial History—G. R. 
worked from March 5 to Oct. 6, 1945 in a factory where beryllium-containing fluorescent pow- 
ders were manufactured. He weighed and mixed the phosphor. Although it was a dusty operation, 
he was not required to wear a respirator. 

Medical History —He had enjoyed good health for the most part until the summer of 1948, 
when he noticed increasing tiredness and shortness of breath on exertion. During the next two 
years there was a loss of 50 lb. (22.5 Kg.) in weight. In spite of these symptoms, he continued 
at his regular work, that of supervising a small curtain laundry, of which he was the owner. 
Finally, in August 1950, a diagnosis of pulmonary granulomatosis probably resulting from 
beryllium exposure was made by the county tuberculosis clinic when the patient reported for a 
routine roentgenologic examination of the chest. He was admitted to University Hospitals for 
ACTH therapy on Sept. 27, 1950. 


Physical Examination.—His temperature was 36.8 C. (98.2 F.); pulse rate, 76; respiratory 
rate, 16; blood pressure, 135/85. He was poorly nourished and was cyanotic but in no respira- 
tory distress while lying flat in bed. The lungs were hyperresonant, and there were many fine 
rales at the bases. The heart sounds were normal. There was no clubbing of the fingers. 

Pertinent Initial Laboratory Findings—Most of the results are listed in table 1. The chest 
roentgenogram showed the characteristic granular shadows scattered throughout both lungs 
except at the bases, where the abnormal shadows were obscured by moderately severe emphy- 
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sema. Slight enlargement of the pulmonary arteries was noted. There was right axis deviation 
in the electrocardiogram, but the precordial leads showed no evidence of right ventricular 
hypertrophy. 


Fig. 3 (case 4).—Roentgenograms of patient G. R.: A, taken before treatment. It shows 
the fine generalized granularity with coalescence of some of the shadows and increased density 


in the right upper lung field, and moderate emphysema at the bases. B, taken on the seventeenth 
day of ACTH therapy; complete clearing is seen. 


Fig. 4 (case 4).—Patient G. R.: A, before treatment. B, same patient after 33 days of 
ACTH therapy. 


Hospital Course and Progress Report——Administration of ACTH was begun on Oct. 4, 1950. 
On the third day of treatment his appetite was definitely improved and there was less dyspnea. 
During the pretreatment period his daily caloric intake averaged 2,132; during the second week 
of treatment the intake increased to 5,563 calories daily. By October 10 the chest roentgenogram 
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showed some clearing, and on October 20 (fig. 3) this was described as “considerable.” In this 
roentgenogram some cardiac enlargement was noted. The blood pressure, which was at this 
time averaging about 155/100, and the cardiac silhouette returned to normal when the lewer 
dosage levels of ACTH were reached. On November 2 the patient was allowed to leave the 
hospital, and while out on pass he bowled two games without discomfort. Although he was an 
enthusiastic bowler, this was the first time he had been able to bowl in two years. He seemed 
completely recovered when he was discharged on November 9 on maintenance therapy, which 
was to be continued for the customary three months’ period. This striking improvement has 
persisted to the present time (Feb. 25, 1951). 

Case 5 (woman, aged 25, University Hospitals no. 302-929).—IJndustrial History —L. K. 
worked in a fluorescent lamp factory from Sept. 16, 1942 to June 3, 1944. Most of this time she 
was engaged in operating a machine which sealed the filament into the end of the tube. Through 
occasional breakage and some dusting from handling the open tubes, she would often notice on 
her gloves a small amount of the dry phosphor. 

Medical History.—The patient had enjoyed good health all of her life. Two years ago she 
had a normal pregnancy with a weight gain of 13 Ib. (6 Kg.). Her present illness coincided 
precisely with the conception of a second pregnancy in April 1950. There were at this time a 
gradual loss of weight of approximately 20 Ib. (9 Kg.), increasing dyspnea, cough and weakness. 
In October she was studied by Dr. Karl P. Klassen at the Ohio State University Hospital in 
Columbus, and an open chest lung biopsy was performed on October 24. The tissue showed 
numerous granulomas with centrally situated multinucleated giant cells. Many of the alveoli 
were compressed, and in some sites metaplasia of the lining of alveoli was seen. No beryllium 
was found in the spectrographic analysis of the ashed specimen. The chest roentgenogram showed 
diffusely scattered irregular soft shadow on a fine granular background. Even in the absence 
of beryllium in the biopsy specimen, the remainder of the clinical picture was so characteristic 
that a diagnosis of chronic beryllium poisoning was made. The patient was admitted to the 
University Hospitals on October 30 for ACTH therapy. 

Physical Examination—Her temperature was 37.5 C. (99.5 F.) ; pulse rate, 124; respiratory 
rate, 22; blood pressure, 130/80. She was not particularly undernourished but appeared chroni- 
cally ill. There was severe dyspnea from such slight exertion as turning in bed or talking. 
There were cyanosis and clubbing. The heart sounds were normal. There were no rales. The 
uterus was enlarged above the umbilicus, consistent with a six months’ pregnancy. The fetal 
heart sounds were normal. 


Pertinent Initial Laboratory Findings—These are summarized in table 1. 

Hospital Course —Although we had no previous experience in using ACTH during preg- 
nancy, we deemed any reasonable risk justified because the progress of the disease was so rapid 
in this patient. In order to exercise caution, however, the dose of ACTH was held at a minimum 
consistent with any prospect of its being effective. On November 8 the administration of 40 mg. 
of ACTH a day was begun, this being divided into four equal doses as in our other cases. In a 
few days the patient seemed somewhat better. This improvement had continued for about another 
week when it stopped. During this short respite there had been some increase in appetite as well 
as a little clearing in the roentgenogram of November 14, but the respiratory function and 
oxygen saturation of arterial blood were unchanged. Coughing increased in severity, and it was 
occasionally accompanied by vomiting. It was obvious that the patient had begun to relapse, 
so the daily intake of ACTH was increased to 60 mg. on November 22, to 80 mg. on November 
29 and to 100 mg. on December 19. Although she began to feel somewhat better with the higher 
dosage, objective evidence of improvement was entirely lacking. The fasting eosinophil count, 
which had been averaging 110 per cubic millimeter during the early weeks of treatment, now 
rose to 370. Administration of thyroid was started on December 20 with 1 grain (0.06 Gm.), 
daily, which was increased to 2 grains (0.13 Gm.) on December 26. On Jan. 1, 1951, for the 
first time, a roentgenogram of the chest showed substantial clearing, the cough lessened and 
the eosinophil count was reduced 50 per cent over the level maintained before the addition of 
thyroid to the treatment routine. Although there was at this time evidence of some improvement, 
and adrenal responsiveness was demonstrated by the 24-hour total 17-ketosteroids excretion 
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of 22.2 mg. on Dec. 27, 1950, a change-over to cortisone acetate’? was undertaken on Jan. §. 
1951, 300 mg. being given on the first, 200 mg. on the second and 150 mg. on the third day of 
treatment. From the rather high ACTH requirement, we concluded that 150 mg. of cortisone 
acetate would be necessary for maintenance. Subsequent experience proved this to be the case. 
The oral was soon substituted for the intramuscular route. Immediately after the change to 
cortisone the mean total eosinophil count fell to 55 per cubic millimeter, and there was additional 
clearing in the roentgenogram of January 9. Studies of respiratory function on January 18 
demonstrated slight but definite improvement in both maximum breathing capacity (fig. 6) and 
vital capacity (fig. 7). Although the patient’s cough and dyspnea improved, a slight degree of 
cyanosis persisted. On February 21, her eighty-seventh day of steroid therapy, she delivered 
a 6 pound 1 ounce (2,750 Gm.) boy. Nine days after delivery she showed an increase in 
maximal breathing capacity from 112 1. to 127.6 1. per minute (fig. 6), but the vital capacity 
(fig. 7) remained unchanged. The patient was discharged on February 17 on a maintenance 
dosage of 75 mg. daily. This proved to be inadequate and was increased to 150 mg. The ultimate 
daily maintenance dose was found to be 100 mg. 


Fig. 5 (case 5).—Roentgenograms of patient L. K.: A, taken on the fourteenth day of inade- 
quate ACTH therapy. It shows the lungs unchanged since the pretreatment film. Extensive 
diffuse “soft” shadows are superimposed on the characteristic fine granular background. B, taken 
on the eighty-sixth day of therapy (the day before delivery). There is considerable clearing at 
the apexes and in the left lung field. 


On June 16, 1951, the 103d day of steroid therapy, she was subjectively much improved. 
There was no cyanosis at rest, and the oxygen saturation of the arterial blood as determined 
by the wood oximeter was 90 per cent. The maximal breathing capacity was 132 1. per minute 
and the vital capacity was 2,266 cc., beth representing increases over the determination made 
at the time of discharge. 


7. The cortisone acetate used was that marketed by Merck & Company, Inc., under the 
name cortone® acetate. 

8. Although the infant appeared normal at birth, 48 hours later severe hypoglycemia devel- 
oped, probably as a result of 11l-oxysteroid insufficiency. Intravenous fluids, cortisone, adrenal 
cortical extract and later ACTH effected prompt improvement. He was discharged from the 
hospital in good condition on March 2. Twenty-four hour specimens of the urine of this infant, 
collected the second and third day after birth, contained a total of 0.4 and 0.015 ug. of beryllium. 
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At no time during the administration of either ACTH or cortisone was there any evidence 
of undesirable side effects, such as elevation of blood pressure, edema, or potassium depletion 
as estimated by the electrocardiogram and occasional serum potassium determinations. 


SUMMARY OF RESULTS 


Symptomatic Improvement—The outstanding clinical response of these patients 
to ACTH therapy was the almost immediate dramatic improvement in the sense of 
fatigue, weakness and cough. These changes were followed more gradually by 
gain in weight and marked lessening of dyspnea. 

In many patients with a variety of illnesses a general improvement in strength 
occurs rapidly after administration of ACTH, irrespective of the degree of ultimate 
remission induced by the drug. This improvement is considered to be the result 
of adrenal cortical stimulation of the general metabolism of the body and is not 
specific for the disease. Accompanying yet beginning slightly later than this gain 
in strength, there was an enhancement of the appetite, resulting in intakes in some 
instances as high as 6,000 calories per day on “demand diets.” The gains in weight, 
which in our patients ranged from 11 to 19 Ib. (5 to 18.5 Kg.) per person during 
the period of hospitalization, can be ascribed to the increased dietary intake and 
not to fluid retention. Other factors of a more specific nature may be operating, 
since loss of weight is one of the most conspicuous and consistent features of 
beryllium poisoning. This striking increase in weight and the general clinical 
improvement are well shown in photographs taken before and after treatment. 
Figures 1 and 4, illustrating cases 1 and 4, are typical of the group. 

Cough, which was present in all cases, was paroxysmal and distressing. The 
decrease of cough in all was dramatic. Wright® has stated that in many cases in 
which cough is severe the hilar lymph nodes exhibit enlargement. Careful inspection 
of the serial roentgenograms of our patients failed to demonstrate such lym- 
phadenopathy. The rapid cessation of cough may reasonably be ascribed to decrease 
of intrinsic bronchial or tracheal inflammation, presumably of a reversible type. It 
is of interest that in case 5 malaise and cough returning simultaneously were always 
the earliest indications of insufficient therapy at several levels of drug dosage. 
Dyspnea and cyanosis were slower in responding to treatment than other symptoms 
and were incompletely relieved but were distinctly improved in all patients. In 
all cases improvement was evident by the fourteenth day of treatment and gradually 
reached a maximum by the third week, at which time studies of pulmonary function 
indicated definite improvement as regards the control observations. 


Roentgenologic Changes.—The roentgenograms of all the patients showed some 
clearing of the abnormal shadows during treatment. This resolution was prin- 
cipally confined to the larger “soft” areas of infiltration, without affecting materially 
the fine granular background. This was particularly well shown in case 1 (fig. 2 B) 
and case 5 (fig. 5B). Considerable caution was necessary in evaluating these 
minor differences, since a slight change of contrast between exposures was at times 
very misleading. Characteristically, the resolution seen in the roentgenogram 
followed quite closely the patient’s general symptomatic improvement and increase 
of respiratory reserve as measured by the functional studies. In case 3 definite 
clearing of the roentgenogram was seen on the seventh day of treatment, while in 


9. Wright, G. W.: Physiologic Aspects, Pneumoconiosis, New York, Paul B. Hoeber, Inc., 
1950, Chap. 10. 
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the others this was more delayed. Usually such clearing would continue for a few 
weeks and then become arrested before resolution was complete, even though 
steroid treatment was administered for as many as 8 to 10 weeks thereafter. 
Case 4 was an exception. The post-treatment roentgenograms (fig. 3B) showed 
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Fig. 6—An increase in maximum breathing capacity following treatment is demonstrated 
in all patients. 
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Fig. 7.—Vital capacity determinations were made on the same dates as the maximum breath- 
ing capacities shown in figure 6. An increase in vital capacity following treatment is demon- 
strated in all patients. 


such complete clearing that they were no longer considered abnormal when viewed 
alone. This unusual roentgenographic resolution was accompanied by the most 
striking clinical recovery seen in any of these patients (fig. 4B). 
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Studies of Pulmonary Function.—It can be seen from figures 6 and 7 and table 
2 that pulmonary function was decreased in all patients during the control period. 
The deviations from normal exceeded the errors in the methods employed and 
reflect a true decrease of function. In all patients the vital capacity was significantly 
lower than the expected normal. In three patients the maximal breathing capacity 
was reduced. In the remaining two (R.C., case 2, and N.B., case 3) maximal 
breathing capacities were within the expected normal range but were actually low 
for these persons, as evidenced by the conspicuous increases following treatment. 
Complemental air, as would be anticipated, reflected the vital capacity changes, and 
was reduced. Supplemental air was slightly increased in two patients (L. T., case 1, 
and N. B., case 3). Values for oxygen saturation of arterial blood were below 
normal in all, with a range from 71 to 91 per cent. 

All patients showed improvement in ventilatory function while receiving ACTH. 
Vital capacity rose in all patients, with a minimum rise of 17 per cent and a 


TasBLe 2.—Studies of Pulmenary Function 


Resting Art.O2 Venti- 
(% Compk- Supple- Maximal Art.O2 Satura- lation 
Vital Nor- mental mental Breathing Satu- tion on Equiva- 

Patient Capacity mal) Air Air Capacity ration 100% O2 lent 
Case 1 (L. T.) 
Before treatment ............. 2,354 ec. 56 1,364 ce. 990 ec. 98 L./min. ny, Oe 3.3 
During treatment (ACTH).... 2,926 ce. 71 2,046 ec. 880 ce. 147L./min. 92.2% _ ...... 2.2 
After treatment ............... 3,058 ec. 72 1,782 ec. 1,276 ee, 2.75 
Case 2 (R. C.) 
Before treatment ............. 2,794 ec. 68 2,244 ee. 550 ec. 123 L./min. 73.3% 91.7% 44 
During treatment (ACTH).... 3,850 ee. 93 3,058 ec. 770 ec. 143 L./min. 87% 98.4% 3.85 
After treatment ............... 3,894 ec. 2,640 ce 396 ce. 2.55 
Case 3 (N. B.) 
Befere treatment ............. 2,618 ce. 61 1,650 ee. 946 ec. #27 L./min. 88.5% 99.1% 3.3 
During treatment (ACTH).... 3,300 ee. 77 2,200 ec. 1,100 ee. 184 L./min. 90.3% 98.8% 2.75 
2,508 ee. 59 2,068 ec. 946 ec. 
During treatment (cortisone)... 3,630 cc. 85 2,596 ec. 1,188 ec. 
Case 4 (G. R.) 
Before treatment ............. ° 65 2,134 ec. 770 ce. 79.2L./min. 87.2% 99.7% 3.7 
During treatment (ACTH).... 8&3 2,904 ce. 660 ec. 105.6 .L./min. 91.9% 99.5% 3.3 
oe +26% +33% +5% wea 
After treatment . 74 2,970 ee. 484cc. 1084L./min....... 2.75 
Case 5 (L. K.) 
Before treatment ............. 51 770 ee. 858ee. 704L./min. 82.7% 98.9% 3.3 
During treatment (ACTH).... 1,936 ee. 63 1,408 ec. 528 ec. 112.2L./min. 87% 97.7% 22 
During treatment (cortisone).. 1,936 ee. 63 1,496 ee. a 1.65 


maximum of 48 per cent above pretreatment level. None, however, returned to 
100 per cent of their expected normal value. Complemental air increases reflected 
vital capacity changes. Supplemental air showed no constant trend, varying from 
— 38 to + 40 per cent. 

Maximal breathing capacity rose in all patients, with the percentile increase 
exceeding in general that of vital capacity. An exception was patient R. C. (case 2) 
whose maximal breathing capacity was within the expected normal range before 
ACTH therapy was begun. 

The oxygen saturation of arterial blood advanced significantly in all patients 
who showed fairly marked desaturation before treatment, but only slight increases 
were seen in those whose pretreatment saturation was little reduced. In R. C. 
(case 2) before treatment saturation reached 91 per cent while he was breathing 


100 per cent oxygen whereas during ACTH therapy saturation reached 98.4 per 
cent. 
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The efficiency of the lung in extracting oxygen from the inspired air has been 

expressed as the ventilation equivalent for oxygen *° where the index is equal to the 
number of liters of air that must be inspired to give 100 cc. of oxygen 


Inspired air in liters 
100 cc. of oxygen extracted ~ * 


In normal persons this value is seldom over 3. It can be seen in table 2 that 


before treatment this index was abnormally elevated in all cases, reaching 4.4 in 
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Fig. 8 (case 2).—Spirometric tracings of patient R. C.: A, made with the Collins respi- 
rometer, showing a reduction in the vital capacity (68 per cent normal) before therapy with 
a normal breathing pattern. B, made on the fifteenth day of ACTH therapy, showing marked 


improvement. 


R. C. (case 2), the patient who also had the lowest values for oxygen saturation of 
arterial blood. During treatment the index fell toward normal in this patient. In 


the others it reached normal limits. 
10. Knipping, H. W., and Moncrieff, A.: The Ventilation Equivalent for Oxygen, Quart. J. 
Med. 1:17 (Jan.) 1982. 
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Beryllium Excretion—We had hoped that by quantitative determinations of 
the 24-hour urinary output of beryllium we could demonstrate some correlation 
between clinical improvement and excretion, either acceleration or retention. No 
such correlation was possible (table 3). Although there appeared to be some reten- 
tion of beryllium during treatment in cases 1 and 2, there was no change in case 3, 
and the results were too inconstant to permit any conclusion in cases 4 and 5. 
Re-Treatment.—Within two months after discontinuing ACTH treatment, N. B. 


(case 3) began losing weight, and symptoms of reduced respiratory capacity 


3; is 
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Ben. 


| N 


R G.R. 
10-20-'50 


G. 
9-28-'50 


Fig. 9 (case 4).—Spirometric tracings of patient G. R.: A, made before therapy, showing 
a reduction in the vital capacity (65 per cent normal). The prolongation of the expiratory phase 
of respiration is indicative of an obstructive type of respiratory dysfunction. B, made on the 
seventeenth day of ACTH therapy, showing a significant increase in vital capacity and a less 


abnormal expiratory pattern. 
reappeared. Whereas his maximal breathing capacity had been 184 just before 
he was discharged from the hospital, Oct. 9, 1950, it had fallen to 121 (fig. 6) on 
Dec. 16, 1950 with a corresponding reduction in his vital capacity (fig. 7). These 
determinations indicated that his condition had deteriorated to the pre-ACTH 
treatment level, and he was readmitted to the hospital on Dec. 28, 1950 for oral 
cortisone therapy. The usual treatment schedule of 300 mg. the first day, 200 mg. 
the second and 100 mg. the third and succeeding days was begun. There occurred 
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a prompt fall in the fasting eosinophil count from 200 to 50 per cubic millimeter, 
an increase in appetite, disappearance of cyanosis, and a gain of 15 Ib. (7 Kg.) in 
weight during the two weeks of hospitalization. The remarkable improvement in 
respiratory function is graphically demonstrated in figures 6 and 7. Within a few 
days the daily maintenance dose was reduced to 75 mg., and this dosage has been 
continued to the time of writing (Feb. 25, 1951). Except for several small kidney 
stones necessitating urethral meatotomy on February 21, he has felt very well and 
has been able to continue without interruption at his usual bench work. 

Treatment in the case of L. T. (case 1) had been irregular, ACTH therapy being 
finally discontinued on Sept. 8, 1950. Although he had been at work since July 
10, 1950, it was evident on November 20 that a relapse had begun. His appetite 
had fallen off, he had lost about 10 Ib. (4.5 Kg.) in weight, and his cough had 
returned. Following the same schedule as with the re-treatment of N. B. (case 3), 
cortisone therapy was started orally on Jan. 19, 1951, the daily dose being reduced 
in a rather short time to a maintenance level of 50 mg. Within a few days after 
the start of the steroid treatment, his appetite and general strength increased 


Taste 3.—Urinary Beryllium Excretion Studies 


e Case 1 Case 2 Case 3 Case 4 Case 5 
L. T. R.C. N.B. G. R. 
we. 24Hr. we. 24Hr. aug. %Hr. we. ug. 
Date Be/L. Output Date Be/L. Output Date Be/L. Output Date Be/L. Output Date Be/L. Output 
6- 2-50 00125 0.013 6-16-50 0.0062 0.006 7- 3-50 0.005 0.008: 930-50 0.019 0.023 11-150 0 0 


6- 3-50 0.0075 0.014 6-18-50 0.0037 0.006 7- 4-50 0.005 0.008 10-11-50 0.050 0.050 ll- 4-50 0.005 0,006 
6- 4-50 0.012 0.013 10- 2-50 0.021 0.024 
6-13-50 0.0087 0.013 6-24-50 0.0037 0.004 7-10-50 0.008; 0.0076 10- 7-50 0.015 0.019 11-14-50 0,004 0.008 
6-20-50 0.0037 0.005 6-25-50 0.0025 0.003 7-14-50 0.0042 0.009 10-17-50 0.015 (0.084 12- 850 0.0075 0.016 
6-21-50 0.0025 0.005 6-26-50 0.0025 0.002 7-20-50 0.0039 0.008 10-27-50 «0.025 (0.076 12-18-50 0.05 0.084 
6-25-50 0.0037 0.0077 6-27-50 0.0037 0.008 
6-28-50 0.0037 0.0079 7- 4-50 0.0037 0.004 

9-21-50t ..... 
10-15-50 0.0037 


* Treatment began. 
t Treatment discontinued. 


considerably. Although he has gained only 5 Ib. (2 Kg.) in weight, he has con- 
tinued to work without interruption. 


COM MENT 


In patients with chronic beryllium poisoning, corticotropin and cortisone pro- 
duce a prompt and substantial remission of the chief symptoms: fatigue, loss of 
weight, cough and dyspnea. Although beryllium is widely distributed throughout 
the body, there is no evidence that it exerts its deleterious effects by interfering 
with adrenal function. Relief of symptoms, however, has been shown to be 
dependent on a definite adrenal response induced by corticotropin or on the intro- 
duction of a supplementary adrenocortical steroid. 

In addition to improvements in weight and strength, which are nonspecific and 
probably of a general metabolic nature, definite evidence of improved pulmonary 
function was obtained. Although the breathing patterns were normal before treat- 
ment (fig. 8) with the exception of that of G. R. (fig. 9), who showed evidence of 
obstructive ventilatory dysfunction, respiratory function was deranged in all. 
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The fact that maximal breathing capacity increased more than vital capacity 
after therapy suggests that some of the beneficial results from corticotropin and 
cortisone may have been accomplished by improved respiratory muscle power and 
strength in addition to any change of the lung itself. The results of Reeder and 
Goodrich "! must be kept in mind, since these workers noted a significant increase 
in ventilatory function in normal subjects given corticotropin and cortisone. 
Wright ° has conclusively demonstrated that impedance of the transfer of oxygen 
across the alveolar membrane is the earliest and the outstanding respiratory dis- 
turbance produced by chronic beryllium poisoning. The level of arterial blood 
oxygen which was lowered to a greater or less degree in all our patients at rest 
rose during treatment. This general trend toward more complete oxygenation of 
arterial blood as the patient breathed either room air or 100 per cent oxygen strongly 
implies that during treatment changes occurred in the permeability of the alveolar 
membrane or in the distribution of air in the alveoli which allowed more complete 
alveolar-blood oxygen transfer. In view of the further improvement in the 
capacity to extract oxygen from the inspired air as demonstrated by the continued 
fall of the ventilation equivalent in R. C. (case 2) and G. R. (case 4) when the 
ventilatory functions were reduced or unchanged, it is suggested that the effects 
which we have observed were primarily the result of an increase of the permeability 
of the alveolar membrane. 

Thus, evidence has been obtained that relief of dyspnea should have been antici- 
pated and can best be explained on the basis of both improved ventilatory and 
respiratory function. Unfortunately, determinations of arterial oxygen following 
exercise were not performed. They would have allowed a better basis for judgment 
of the degree of improvement than was accorded by our data. 

Although we have demonstrated in this small group of patients with chronic 
beryllium poisoning beneficial results from steroid therapy, our experience would 
indicate that this improvement is dependent on continuous therapy. The beneficial 
effects presumably result from alteration of the host’s reaction to a noxious agent 
rather than from correction of the underlying pathologic mechanisms. 


SUMMARY 


Five patients who had been proved to have chronic beryllium poisoning were 
treated with steroids (corticotropin and corticosterone). All showed relief of the 
usual subjective symptoms of cough, shortness of breath and loss of weight with 
corresponding objective evidence of improvement in pulmonary function. 

This improvement persisted during the period of treatment and for a short 
time thereafter. Our experience to date suggests that continuous or intermittent 
therapy appears to be necessary in order to sustain clinical improvement. On 
account of the limited knowledge concerning the ultimate effects of prolonged 
administration of these agents it is impossible at present to suggest which of the 
agents used is the more desirable.!” 


11. Reeder, W. H., and Goodrich, B. E.: Effect of ACTH and Cortisone on Cardiorespira- 
tory Function, J. Lab. & Clin. Med. 36:979 (Dec.) 1950. 


12. Since the completion of this work the excellent paper of Kennedy and associates “Effect 


of Adrenocorticotropic Hormone (ACTH) on Beryllium Granulomatosis and Silicosis” has 
appeared (Am. J. Med. 10:134 [Feb.] 1951). 
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CHRONIC BERYLLIOSIS IN THE NEON SIGN INDUSTRY 


O. A. SANDER, M.D. 
MILWAUKEE 


HE PHOSPHOR zinc beryllium silicate was not used by the neon sign 

industry until 1938, and the first clinical case of berylliosis from that industry 
was not recognized until 1945. Most of the early phosphor manufacture was done in 
kitchens and basements of homes. Varying proportions of beryllium oxide (up to 
4 per cent) were mixed with zinc sulfate and other chemicals. The resulting “mix” 
then was fired in small furnaces at about 2,300 F. After firing, the rocklike batch 
was pulverized, in most instances by very crude milling methods which disseminated 
dust in the atmosphere to an extreme degree. 

The powdered phosphor then was packaged and sold to the trade or was sus- 
pended in methanol and coated onto the inner surface of glass tubing to be used 
for making neon signs. These processes also caused dusting of the atmosphere, but 
not to such an extreme degree as pulverizing. In recent years, relatively few shops 
have made their own phosphor and coated their own tubing. Most sign makers 
have found it cheaper to buy coated tubing from large manufacturers. 

Sign making involves the blowing and bending of coated tubing into signs. In 
many instances rubber mouthpieces have been used by the glass blowers, but in 
others the blower applied his lips directly to the ends of the glass tubing. The 
process does not involve inhalation. There is breakage from time to time, which 
might cause minimal dusting, and there also is reclaiming and salvage work on old 
signs. These processes do not produce any visible dusting, however, and the dust 
exposures appear to be minimal. 

It has been my privilege to observe four persons whose pulmonary disease 
apparently resulted from exposure in one small shop (shop A) where the beryllium- 
containing phosphor was manufactured and tubing was coated from 1938 to 1948. 
Another person has been under observation whose exposure was in a different shop 
(shop B) having a similar hazard. 


REPORT OF CASES 


Case 1.—R. S., a man aged 32, worked in shop A from 1939 to 1941. The concentration 
of the phosphor dust in the general atmosphere in this shop was heavy. The patient was in 
the Army Air Forces from 1942 to October 1945. He had no typical episode of combat fatigue 
beyond the usual tensions of air corps personnel and had no attacks of respiratory infection 
beyond ordinary colds. There was no history of allergy. The Army admission roentgenogram 
was said to have been clear. That of September 1943 showed early granular stippling. The 
Army discharge roentgenogram of October 1945 showed marked granular stippling. He did 
not return to phosphor dust exposure after the war. He first noted dyspnea on exertion in 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 
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March 1946, which increased appreciably until March 1947 and has remained quite stationary 
since. He has considerable cyanosis even at rest, clubbed fingers, loss of weight, a loud second 
heart sound (Pz), a prominent right outflow tract on his chest roentgenogram and a right 
heart strain pattern of the electrocardiogram. The erythrocyte sedimentation rate was normal 
and the tuberculin test negative. He has been doing sedentary work fairly comfortably and 
has not required oxygen. He has only moderate dry cough and dyspnea on exertion. In 
January 1951 he requested corticotropin (ACTH) and cortisone therapy, which was given for 
four weeks in a hospital, with no symptomatic or functional improvement beyond a slight 
decrease in the cough. 

Case 2.—J. H., a man aged 40, worked with R. S. (case 1) in shop A from August 1939 
to July 1940. He then became a postal clerk in Chicago until 1948. Shortness of breath on 
exertion was first noted in February 1947, which increased considerably until he moved to 
Arizona in 1948. The chest roentgenogram showed the typical granular stippling of chronic 
berylliosis plus an advanced degree of emphysema and a prominent right outflow tract. In 
Arizona he was able to do sedentary werk without oxygen until he died, last November, of 
a bilateral spontaneous pneumothorax. A postmortem study! was done and showed much 
bullous emphysema, significant hypertrophy of the mediastinal lymph nodes, and right ventricular 
hypertrophy. The microscopic sections showed the typical granulomatous lesions with giant 
cells and conchoidal bodies and thickened and fibrotic alveolar walls. In addition, there were 
numerous areas of rather massive hyaline fibrosis. Granulomas also were found in the liver 
and the kidney. A report is not yet available on whether beryllium was found in the root 
lymph nodes and lungs. 

Case 3.—R. K., a woman aged 40, never worked in shop A but visited it several times a 
month for short periods. Her husband, however, worked there from 1940 to 1947. His chest 
is clear. It happens that she is the sister of R. S. (case 1), which might be thought significant 
were it not for the fact that two other brothers were the owners of the company and had 
tremendous dust exposures from 1938 to 1948. Their chests remain clear. In 1945, subsequent 
to her third and last pregnancy, she first noted dyspnea on exertion, which has increased 
markedly since. She has a history of asthma, with sensitivity to many allergens. She uses 
a large tube of oxygen every 24 hours, which she takes by nasal catheter. She becomes 
extremely cyanotic and uncomfortable if away from oxygen more than one-half hour. Her 
weight formerly was 168 lb. (76 Kg.) ; now it is about 110 Ib. (50 Kg.). The chest roentgeno- 
gram is characterized by distinct emphysema in addition to the fine granular stippling. She 
has a loud second heart sound (P2), clubbed fingers, cyanosis and a prominent right outflow 
tract of the heart. In December 1950 she requested ACTH and cortisone therapy, which was 
carried out for four weeks under hospital regimen. There occurred some psychological 
improvement and a 10 Ib. (4.5 Kg.) gain in weight in the first two weeks, which have been 
maintained. There was no measurable improvement in lung function, and the oxygen intake 
could not be lessened. The hormone therapy was discontinued early in January 1951. 

Case 4.—M. C., a woman aged 42, was the stenographer in the office of shop A from 1943 
to 1949. She underwent left mastectomy for carcinoma in 1947, followed by high voltage 
x-ray therapy over the left side of the chest. She returned to her job in the fall of 1947. 
She first noted shortness of breath and cough in the summer of 1949, which have increased 
notably since. There is no history of allergy. A chest roentgenogram at that time showed 
fine granular stippling, which was diagnosed at first as lymphatic metastasis from the breast 
carcinoma. Her symptoms and clinical findings were exactly the same as those of the other 
patients, and she was beginning to ask for oxygen,!® which was withheld. 

After a five week course of ACTH and cortisone, recently, she had a striking improvement 
in all her symptoms, lost her cough, was able to do much more work without tiring and 
becoming short of breath, lost her cyanosis and had an almost complete disappearance of the 


1. Dr. James D. Barger of Phoenix, Ariz., and Dr. Fred Ewart of Mesa, Ariz., respectively, 
supplied the postmortem reports and information concerning this man’s terminal illness. 


la. The cortisone in this study was supplied by Merck & Company, Inc. 
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fine granular stippling seen roentgenologically. A previously rapid erythrocyte sedimentation rate 
became normal. Treatment has been withheld for four weeks, and shortness of breath and 
cyanosis have increased somewhat, the roentgenologic stippling has returned perceptibly, and sedi- 
mentation of erythrocytes again is more rapid but not to the pretreatment levels. Further 
homone therapy has not been given, but she is maintaining considerable symptomatic and 
clinical improvement over the pretreatment status and feels satisfied that she was benefited 
by the treatment. She does most of her housework and does not require oxygen. 

Case 5.—D. T., a woman aged 22, did the tube filling in shop B from 1945 to 1947.2 
First symptoms of marked dyspnea, cough, fever and loss of weight began in April 1949 within 
24 hours after biopsy of a beryllium ulcer of a finger. The patient was completely bedridden 
for a year. In April 1950 she had an attack of acute lobar pneumonia and almost died. Anti- 
biotics and oxygen were given. She slowly recovered from the pneumonia and has had an 
almost complete remission of her berylliosis. Roentgenologically, the fine granular stippling has 
been markedly diminished. The cyanosis has disappeared, and she has gained 15 Ib. (7 Kg.) 
in weight. Recent report indicates that the remission has been maintained since last May 
(nine months) and that she is gainfully employed on a sedentary job. 


We have, then, five cases with entirely similar clinical and roentgenological find- 
ings and a common exposure to a phosphor dust containing beryllium. In all these 
cases there was evidence of dilatation of the heart due to pulmonary disease (cor 
pulmonale). All have been variously misdiagnosed as cases of miliary tuberculosis, 
sarcoidosis, silicosis, fungous infection and metastatic carcinoma. It seems reason- 
able to assume, now that there is postmortem proof for one of the cases, that 
all the patients have the chronic granulomatosis which has been ascribed 
to inhalation of beryllium dust. Although the two owners of shop A whose 
lungs still are clear probably have had more than i00 times the intake of those 
affected, the incidence of the disease from this shop is the highest so far recorded. 
With not over 50 persons having had any material exposure since 1938, the incidence 
is 8 per cent. This shop, by the way, no longer mixes the phosphor or coats its own 
tubing, all tubing now being bought coated from large manufacturers. Also, the 
beryllium in the coatings has been replaced by a nontoxic substitute, so that further 
cases from new exposures should not occur. 

The question whether tube bending and sign making alone can give sufficient 
exposure to cause the disease cannot be answered conclusively. | have x-rayed the 
chests of over 50 such workers who had not had the heavier exposures resulting 
from phosphor manufacture and tube coating and have not found any cases that 
would suggest berylliosis. All bona fide cases which have been discovered so far 
appear to have been those of persons who underwent the heavier exposures, with the 
exception of one reported by Dr. Harriet Hardy. It seems safe to reassure tube 
benders working with beryllium-coated tubing that their chances of having the 
disease are remote. 


Regarding the hormone-treated patients, it should be noted that M. C. (case 4) 
who had the most satisfactory improvement had the most recently acquired lesion. 
R. S. and R. K. (cases 1 and 3) had their first exposures in 1939 and had as a 
result considerable irreversible fibrosis and emphysema, which M. C. (case 4) had 
not. D. T. (case 5) had the most recent exposure of all, and her remission, which 
apparently was spontaneous or “triggered” by the attack of pneumonia, has been 
almost complete. 


2. Dr. Dan Fisher of St. Paul contributed the information concerning this case, including 
follow-up reports on the clinical course. 
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SUMMARY AND CONCLUSIONS 


Five cases of chronic berylliosis with common etiological factors have beer 
presented. 


Roentgenological evidence of the lesion may precede symptoms by as much as. 
three years. 


This disease differs strikingly from the pneumonoconioses because of the com- 
plete lack of correlation of the degree of dust exposure and the degree of involve- 
ment and because of the low attack rate. 


There is strong implication of a sensitivity factor, the nature of which has thus 
far defied discovery. 

Early lesions, before there is evidence of fibrosis and emphysema, may have 
spontaneous remissions or remissions induced by pituitary adrenocorticotropic 
hormone or by adrenal cortical hormone therapy. 

Tube benders and sign makers who have not been exposed to phosphor manu- 
facture and tube filling are unlikely to have the disease. 

710 North Plankinton Avenue. 
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SPONTANEOUS REMISSION OF CHRONIC BERYLLIUM POISONING 
FROM FLUORESCENT LAMP MANUFACTURING 
Report of a Case 


JOHN W. CASS Jr., M.D. 
BROOKLINE, MASS. 


HIS IS a case of chronic beryllium poisoning with spontaneous recovery. I 
urge that considerable caution be used as regards the evaluation of any specific 
therapy for this disease at the present time. 


. The patient was first seen on Jan. 7, 1943, at the age of 25 years. He gave a history of 
having noticed shortness of breath, loss of weight and increased general weakness over a period 
of approximately 12 months. After roentgenograms of the chest had been obtained, he was 

r referred to the Massachusetts General Hospital. A brief period of study revealed no definite 
diagnosis, and he was discharged with the questionable diagnosis of sarcoid. No specific treat- 
ment was instituted. Shortly after this, it was discovered that several persons showing similar 
clinical syndromes were present where this man was employed, and at the request of the 
insurance company concerned he was readmitted to the hospital for a more complete study. 
Further inquiry regarding the history revealed that there was no evidence of any industrial 
hazard prior to this patient’s being employed by a fluorescent lamp manufacturing company 
early in 1941. While employed with this company, he worked at a desk in the department where 
imperfect tubes were reclaimed, and there was a definite dust hazard present. He worked under 
these conditions for about six months. He felt well for an additional six months, so that his 
symptoms began about one year after he obtained employment with this company. An extensive 
study was undertaken in the hospital, but there were few positive findings. The vital capacity 
was low. The tuberculin test was negative. Roentgenograms showed no change as compared 
with the original ones and simply suggested a diffuse miliary granulomatous reaction in the 
lungs. On one occasion the blood calcium was reported as being rather high. Again no diagnosis 
was made, but it was definitely recognized that this man had a clinical syndrome similar to those 
presented by several other employees of this company and that the problem was unquestionably 
an occupational poisoning of some type, probably beryllium. After being discharged from the 
hospital, the patient remained completely disabled and rather acutely ill for six or seven months. 
The predominant symptoms were shortness of breath and general debility. His weight was 
maintained at about 110 Ib. (50 Kg.), whereas his normal weight was approximately 145 Ib. 
(65 Kg.). During this period of six or seven months he had one episode of prolonged, unex- 
plained diarrhea, which was quite alarming but which finally responded to general symptomatic 
therapy. On another occasion he had a series of nasal hemorrhages so severe that hospitalization 
and transfusions were required. He was confined to his bed or chair for most of this period. 

His sense of well-being finally began to improve. He was able to eat. At the end of approxi- 

mately eight months he was well enough to bo back to part-time work. Approximately one year 

after the onset of his acute illness he was able to return to full-time work and has continued 
to follow a fairly normal program since. At the present time he weighs 147 Ib. (66.5 Kg.) and 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 
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undertakes all normal activities, such as golf and garden work about his home. General physical 
examination discloses no abnormality. His blood pressure has changed slightly, in that the 
diastolic pressure averages about 100 whereas throughout his illness it was 70 to 80. Vital 
capacity is still low, being about two thirds of normal, whereas previously it had been approxi- 
mately one third of normal. Roentgenograms of the chest still show diffuse granulomatous 
lesions throughout the lung fields. There has been little change over the period of observation 
other than that the individual nodules seem smaller and more dense. Another point of interest 
is that throughout the course of his illness he has had several episodes of acute renal colic with 
passage of small stones. These stones have been analyzed and have all contained beryllium, 
except for the last occasion, which occurred about six months ago; the stones on this occasion 
showed no evidence of beryllium. 


SUMMARY 


This is a case in which beryllium contact is known to have occurred in a 
fluorescent lighting industry, where several similar, clinical syndromes were also 
discovered. There has been clinical recovery, the patient returning to a normal, 
active life, without benefit of specific therapy of any type. Chest roentgenograms 
still show pulmonary lesions, the diastolic blood pressure is now at the upper limits 
of normal, and the vital capacity is still but two-thirds that of normal. 


COM MENT 


This patient received close medical supervision at all times, and any acute situa- 
tion, such as the diarrhea and the nasal hemorrhages that developed, was handled 
promptly, and he was always given the benefit of expert hospital care. However, no 
specific therapy of any type was ever used. The first evidence of improvement was 
the ability to gain weight, and this coincided with the subsidence of the nonspecific 


gastroenteritis. Chest roentgenograms did not seem to be an accurate indicator of 
the extent of the pathologic changes or of the status of the disease at any particular 
time. As regards the use of the pituitary adrenocorticotropic hormone (ACTH) 
or cortisone, as reported in the other cases, I am very doubtful whether either drug 
should be used for this disease over a long period. There is still too much unknown 
about this material, and there is a real danger of an unknown hazard in its use at 
the present time. As an adjunct to other symptomatic therapy during the phase of 
marked prostration and debility, as a means of producing general systemic stimu- 
lation and a sense of well-being, its use may be justified, but certainly there is little 
justification for using it simply because the roentgenograms show improvement of 
the pulmonary lesions. In fact, this may be a disadvantage, for by removing the 
protective band of lymphocytes from the beryllium particles, it may result in an 
undesired freeing of beryllium. At the present time my impression of this disease 
is one of chronic general poisoning which must be handled in a nonspecific manner 
and by very judicious symptomatic therapy until more definite information is 
obtained as regards any specific therapy. 


4 
= 
fee 
| 
| 
: 


CHRONIC BERYLLIUM POISONING OF LONG DURATION FROM 
FLUORESCENT LAMP MANUFACTURING 
Report of a Case 


GEORGE K. FENN, M.D. 
BEVERLY, MASS. 


REATMENT of patients for beryllium poisoning with cortisone and adreno- 

corticotropic hormone (ACTH) has lately been the subject of some discussion 
in relation to the actual value of these preparations in changing the course of the 
disease. The case herein presented affords evidence that would seem to indicate 
that in long-standing cases, at least, only temporary symptomatic relief might be 
expected. However, enough definite benefit was demonstrated to warrant the con- 
tinued use of these hormones, especially in the cases diagnosed earlier in the course 
of the disease. 


A white man of 43 years, married, employed by the Sylvania Company as a chemist, first 
started working with beryllium phosphors in December 1940, and his exposure continued 
through October 1945. 

In spite of this long-continued exposure, he was symptom-free until October 1945, when 
a rather severe illness developed, diagnosed as “paratyphoid C.” As he was recovering from 
this illness, a cough, which had come on during the course of the sickness, seemed to become 
rather intensified, and roentgenograms disclosed the typical appearance of chronic pulmonary 
inhalation disease. He did quite well, however, through January 1946, and his only complaints 
were of aching through his right knee and dry cough. His weight at the time was 170 Ib. 
(77 Kg.). 

Through March and April he noticed that his cough was continuing and complained of 
soreness and tenderness of the skin of his arms and legs and continued aching through his 
elbows, shoulders, hips and knees. His blood count and erythocyte sedimentation rate, however, 
were normal at this time. Through the res of this year these complaints continued. He was 
never free of the dry cough and moderate dyspnea on exertion, and his weight gradually fell 
to 164 Ib. (74.5 Kg.) in mid-August. 

In January 1947 he had a rather “mean” acute respiratory infection, from which he made 
a good recovery and was sent to Florida for a vacation from February 5 to March 30. However, 
on his return his weight was only 162 Ib. (73.5), and he still had the same complaints. 

In May 1947 he was studied in New York under the auspices of the Sylvania Company. 
At this time his vital capacity was recorded as 3.2. 

In June and again in August 1947 he had several attacks of renal colic and on one occasion 
passed a small reddish stone. Unfortunately, this was lost before it could be examined for its 
possible beryllium content. 

On Christmas Day 1947 he had another attack of colic of the left kidney and through January 
1948 he had several attacks of pain in the upper left quadrant of the abdomen and pain in the 
left testis. He also commenced to complain at this time of epigastric and abdominal distress. 
Roentgenograms of his gastrointestinal tract at this time showed a spastic colon. His weight 
was 160% Ib. (73 Kg.). 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 
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Through the rest of the winter of 1948 and also through the spring months his symptoms 
continued, and there were further bouts of renal colic. Roentgenograms taken in June showed 
a questionable calculus in the lower left ureter. He passed two small stones and some gravel. 
However, he was unable to save any for examination. 

In July and August 1948 he had an eight week vacation, but his symptoms continued to 
increase, and in September 1948 he had several bouts of pain in the upper right quadrant of the 
abdomen. Since that time he has continued to have these attacks at irregular intervals. 

Through the fall and early winter of 1948 he felt considerably better for a while and worked 
four hours daily. He noticed, however, that talking seemed to increase his cough and dyspnea. 

In February 1949 an acute respiratory infection developed. This was of gradual onset and 
accompanied by a low grade fever, aching in the arms and legs, and more severe cough. The 
patient was hospitalized. His electrocardiogram and blood findings were normal at this time, 
and his roentgenograms showed only moderate changes. His vital capacity, however, was only 
1.3 to 1.5 He was discharged improved on February 19 but continued to have symptoms of 
tender skin, aching through the regions mentioned above, and his dry, nonproductive cough. 

On March 8 acute pleurisy developed in the right side of the chest, which subsided with 
symptomatic treatment. Early in April, however, another acute respiratory infection developed, 
and he was again hospitalized. Examinations of his sputum, blood cultures, etc., did not reveal 
any causative organisms. In spite of the antibiotics administered, his temperature and leuko- 
cytosis subsided very gradually. His electrocardiogram at this time showed evidence that the 
right side of the heart was under strain. He was finally discharged from the hospital consid- 
erably improved on June 4. 

There continued to be slight low grade elevations of temperature, however, through the 
following month whenever he became overtired. His weight on June 21 was down to 146 Ib. 
(66 Kg.). 

In July he decided, against advice, to go to his camp in New Hampshire, as he felt that he 
always improved when there. After the first week in July, however, he commenced to feel 
gradually worse. His dyspnea and cough increased a great deal during the second week, and on 
July 15 sudden severe pain developed in the right side of his chest. He had almost no relief 
from this over July 16, and on July 17 his wife drove him to Beverly, where he was at once 
readmitted to the Beverly Hospital. 

Following his admission, it was obvious that he had suffered a spontaneous pneumothorax on 
the left side with a question of an early acute infection of the respiratory tract. 

After this bout he improved gradually but continued to have increased dyspnea and cough 
and required oxygen therapy a good part of the time. Various treatments were used, without 
avail. He still had his former complaints of tenderness of the skin and aching through the 
muscles of the extremities. 

In mid-September another spontaneous pneumothorax suddenly developed, this time on the 
right side, and after recovering from this, between September 27 and October 31, the patient 
repeatedly had spontaneous pneumothorax involving both the right and the left lung. 

The months of November and December were extremely trying for the patient, as he had, 
in all, some 18 occurrences of spontaneous pneumothorax. In spite of this, his general condition, 
with the help of supportive therapy, continued to be good. During the latter part of December he 
seemed to show considerable improvement, but through January he was bedeviled by repeated 
slight infections of the respiratory tract in spite of the greatest care and precaution, and even 
when free from these he had extremely severe bouts of dyspnea and coughing. 

By the end of January his roentgenograms showed markedly increased involvement. On 
January 31, in an effort to relieve the patient further, administration of desoxycorticosterone 
acetate was started, 5 mg. a day, intramuscularly, accompanied by 1,000 mg. of ascorbic acid 
intravenously. The patient seemed to show some improvement in well-being and in lessening 
of symptoms. In the middle of February his cough became quite loose and he was able to raise 
considerable thick mucus. Specimens of this were examined for beryllium but were reported 
to have contained none. 

However, his course in the next few weeks was stormy, and it was obvious that he was not 
getting any further relief from the desoxycorticosterone and ascorbic acid treatment, and this 
was omitted. 
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During the month of March he was in great distress most of the time and continued to require 
oxygen practically all the time. In spite of this the results of the electrolyte studies and of 
chemical examinations of the blood remained within normal limits. He continually had in his 
blood from 400 to over 700 eosinophils per cubic millimeter. 

During April and the first part of May his condition improved slightly, but he had constant 
severe dyspnea, severe paroxysms of coughing and required oxygen constantly, plus plenty of 
sedation. He had much stiffness, aching and pain through his arms, hands and legs. He was 
unable to use his fingers even to hold a paper. 

On May 23 cortisone treatment was started, with 100 mg. of the acetate being given daily. 
There was no spectacular improvement, but he was able to use his fingers better and was able 
to hold a book in his hand. He required less oxygen and somewhat less sedation while under 
this treatment. His weight, which had dropped to a low of 134 Ib. (61 Kg.), gradually went 
up to 140 Ib. (63.5 Kg.). It was felt that clinically his chest was somewhat clearer, and a 
roentgenogram taken at this time did show slight evidence of improvement. 

Early in June acne and a typical moon facies began to develop, and on June 12 there was 
evidence of beginning fluid retention and the weight had increased to 150 Ib. (68 Kg.). Because 
of this, the administration of cortisone was discontinued. The signs of overdosage disappeared 
rather rapidly. 

During the rest of June and July he gradually became worse again, and on August 12 ACTH 
treatment was started with routine doses. 

By the first of September there was only scant improvement, but by the middle of September 
he seemed to be definitely better. He was able to move around well in bed, was allowed to 


TasLe 1.—Blood Levels * 


Sodium Potassium Chloride CO2 PH NPN 
137 5.2 wh 73 one 43 
136 5.6 86 80.5 7.35 32 
143 5.7 68 95.3 7.3 “e 
138 5.3 101 87.9 7.28 2 
140 5.4 99 97.1 7.25 44 


* All values are expressed as milliequivalents except those for carbon dioxide, which are expressed as 
volumes per cent. 


sit on the edge of his bed each day and was using less oxygen. Unfortunately, another respira- 
tory infection developed, September 25, which persisted for about two weeks and then cleared 
up very gradually. 

Through the months of October and November his course was complicated by the continual 
recurrence of minor acute respiratory infections, and his ACTH dosages did not seem to change 
the course of these as far as we could determine, although he did not show a temperature above 
100.6 F. at any time. 

The early part of December he was showing signs of ACTH overdosage. Acne was develop- 
ing again, the moon facies was more striking, and there was some increase in tissue fluids. 
While the serum electrolytes did not show any shift of note, the urinary excretion tests showed 
a tendency toward conservation of sodium and excretion of potassium. ACTH was accordingly 
gradually omitted. A typical ACTH diuresis followed omission of the drug. 

The patient was fairly comfortable over the Christmas holidays until the evening of 
December 29 when severe paroxysmal dyspnea and cough suddenly developed, and his condition 
became poor. However, with the help of supportive measures he improved, and cortisone 
therapy was started again, 300 mg. being given the first day, 200 mg. the second day and 100 
mg. daily thereafter until January 4, when the dosage was reduced to 50 mg. daily; this dosage 
was continued for several days. During this interval, his diet was weighed daily for sodium, 
potassium (table) and protein contents, and caloric determinations were made daily. No sig- 
nificant correlation was noted between the intake and the output of electrolytes as determined by 
urinary electrolyte excretion tests, which were done every 24 hours. Serum sodium, potassium, 
chloride and uric acid levels were also determined at frequent intervals, as were the nonprotein 
nitrogen, sugar carbon dioxide and hydrogen ion concentration of the blood (tables 1 and 3). 
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During the month of January the patient had occasional bouts of rather severe pleurisy, at 
times on the right side of his chest and at times on the left, and continued to have his usual 
severe bouts of paroxysmal dyspnea and cough at rather frequent intervals which required small 
doses of meperidine hydrochloride U. S. P. (demerol® hydrochloride) for relief. In spite of 
this his general condition remained rather good, but it was noted that a tendency toward respira- 
tory acidosis was developing more and more in spite of all efforts to keep it under control. 

During the first eleven days of February the patient’s condition continued about the same. 
The administration of 100 mg. daily doses of cortisone had been resumed on February 1, and 
was omitted on February 10. Following its omission, the patient was given gradually decreasing 
doses of ACTH daily. The patient seemed to be somewhat depressed for the first time in the 
course of his illness on February 13 and again on February 14, though there was no observable 
change in his condition. 


Taste 2.—Intake of Sodium and Potassium in the Diet * 


* All values are expressed as grams. 


TasLe 3.—Urinary Electrolyte Excretions * 


Date Sodium Potassium Chloride Urie Acid 
60 22.50 
42 
16 


6 
76 
44 
96 


* All values are expressed as milliequivalents. 


At 2:00 a. m. on February 15 his condition suddenly became extremely poor. He became 
cyanotic and dyspneic, complained of a great deal of pain in the lower part of the right side 
of the chest and gradually went into a state of shock; he became pulseless, his blood pressure 
was not obtainable, and his skin was cold and clammy. Shortly after 8:30 a. m. he improved 
somewhat for about three hours and then suffered another even more severe attack and died 
rather abruptly at 1:15 p.m. 

Permission for an autopsy was obtained. It was felt that the most important findings at 
autopsy were the great dilatation of the heart (cor pulmonale), the extreme pulmonary fibrosis 
and the striking adrenal atrophy. At the time this is written the microscopic sections have not 
yet come, but it is felt that they may well prove to be of great interest. They will be made 
the subject of a second report as soon as possible. 

The discharge diagnosis was “acute pulmonary decompensation due to pulmonary fibrosis 
due to chronic pulmonary inhalation disease due to inhalation of beryllium”; “cor pulmonale,” 
and “adrenal atrophy.” 
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BERYLLIUM DISEASE FROM THE CERAMIC INDUSTRY 
Report of a Case 


PRESTON W. REYNOLDS, M.D. 
SCHENECTADY, N. Y. 


HE PATIENT, a white woman, married, nulliparous, was 23 years of age at the onset 

of her illness. No personal or family history of allergy could be elicited. Cough and 
dyspnea first developed in March 1948. Beryllium disease was suspected prior to a short 
period during which she was observed at Saranac Lake, N. Y. At Saranac Lake careful investi- 
gation revealed that she had been exposed to beryllium some five months previously, for a 
period of approximately two hours. During this exposure her duties consisted in smoothing off 
the surface of beryllium oxide beads used for television insulators, which previously had been 
fired in an oven in a starch matrix. She did this work over a ventilated grille with a down- 
draft, but, being nearsighted, she brought the material close to her face and away from the 
grille. No one among a dozen other employees doing the same work has shown any evidence 
of beryllium disease. 

Five months after exposure she began to notice increasing paroxysmal cough, dyspnea, non- 
specific pain in the chest and anorexia and showed a weight loss of 22 lb. (10 Kg.). She was 
admitted to the Ellis Hospital, Schenectady, N. Y., on April 19, 1948. Physical examination 
revealed dulness over the right side of the chest posteriorly, harsh breath sounds and crackling 
rales bilaterally. Pronounced tachycardia was noted. The sputum was negative for Myco- 
bacterium tuberculosis and Monilia and showed only a mixed bacterial flora. The results of 
a complete blood count were normal. The results of a urinalysis were normal. A chest roent- 
genogram revealed extensive infiltration of both lung fields, consistent with chronic granu- 
lomatosis of the lungs. 


Penicillin and supportive therapy were given without appreciable benefit, and the patient 
was discharged on May 15, 1948, unimproved. She required continuous oxygen therapy at 
home. 

On April 25, 1949 a second admission became necessary because of a severe infection of the 
upper respiratory tract, with cough, dyspnea and pain in the chest. The weight was 90 Ib. 
(41 Kg.) and the appetite fair. The menses were said to have ceased in October 1948. Physical 
examination showed an emaciated cyanotic, dyspneic patient with palpable postcervical lymph 
nodes, atrophic breasts and shallow chest expansion. There was no dulness over the chest. 
Inspiration was crepitant; expiration was accompanied with rales. There was no enlargement 
of the heart or murmurs. Tachycardia was present. There was tenderness in the upper right 
quadrant of the abdomen. The liver revealed 1 fingerbreadth of enlargement. The patient’s 
fingers were cyanotic and club-shaped. 

The red blood cell count was 4,500,000; the hemoglobin content, 75 to 95 per cent. The 
white cell count was 9,100, with 73 per cent segmented cells, 26 per cent lymphocytes and 
1 per cent eosinophils. The erythrocyte sedimentation rate was 16 mm. in one hour. The 
packed cell volume was 41 per cent. Serum calcium was 6.6 to 9.6 mg. per 100 cc. Total serum 
protein was 5.8 Gm. per 100 cc., with albumin 3.3 Gm. and globulin 2.5 Gm. Alkaline phos- 
phatase was 5 King-Armstrong units. 


The urine had a specific gravity of 1.015 and revealed no albumin or sugar and no sediment. 
From April to August streptomycin, and from July to September aureomycin, was 
administered, with no beneficial effect. 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
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In August the patient was seen by Dr. Harriet L. Hardy in consultation, who suggested 
continued supportive therapy, whole blood transfusions as needed, and a high caloric, high 
protein diet. These suggestions were carried out. Chart 1 demonstrates a typical recording 
of temperature, pulse rate and respiratory rate during this hospitalization, showing the spiking 
fever, the tachycardia and the tachypnea. The patient was discharged on Dec. 2, 1949, 
unimproved. She continued to have oxygen therapy at home. 

Chart 2 summarizes the observations made after the final admission, during ACTH therapy. 
The dosage of ACTH varied from 5 mg. to 80 mg. a day, given intramuscularly. Within a few 
days after this treatment was begun, there was symptomatic improvement, with lessening of 
cough, dyspnea, cyanosis and increased strength, and 27 days after the treatment started, the 
patient became independent of oxygen therapy and was able to get out of bed. During this 
period, however, some side effects of ACTH were noted, consisting of tremor, irritability, 
headache, dizziness and edema of the labia and thighs. Acne developed and was controlled 
with progesterone. On June 19, 1950, irritability and depression developed, followed by 
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Chart 1—Record of the patient’s temperature, pulse rate and respiratory rate during her 
second hospitalization. The patient was discharged on Dec. 2, 1949. 


emotional lability, and on June 27 she became acutely psychotic, threatening suicide. This acute 
episode lasted only a few hours and promptly disappeared on reduction of the dose. During 
July no ACTH was given, because of the development of marked hematuria and renal colic 
secondary to a calculus in the right renal pelvis, which had appeared during the earlier stages 
of the disease. On August 14, ACTH therapy was resumed, and again edema became evident 
in hands, face and mouth and tremor was noted. Treatment was stopped August 26. The 
final course of ACTH was given in September. 

Chart 3 shows the laboratory data during ACTH therapy. The circulating eosinophils 
responded promptly to ACTH. The remaining values did not vary much from the normal 
range. The erythrocyte sedimentation rate dropped from 34 mm./hr. to 18 mm./hr. Although 
hyperpotassemia is evident from the data, this observation was not confirmed by the patient’s 
clinical course. The urine contained many red blood cells throughout, a finding that could 
be referred to the renal calculus of the right kidney. 


Until June 13, 1950 the chest roentgenograms revealed improvement in the aeration of both 
lung fields and reduction in the size of the pulmonary arteries, but after this little change was 
seen. The electrocardiogram showed a typical cor pulmonale with a strong right axis, 
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Chart 2.—Observations recorded during the patient’s third and final hospitalization, under 
the first and second periods of ACTH therapy. In the column headed “Improvement” O.0.B. 
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Chart 3.—Laboratory data recorded during the first, second and third periods of ACTH 
therapy. 
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depressed ST segments in leads II and III and aVR, P wave prominent in lead II, aVF and 
a very positive R in aVR.! 

Chart 4 shows the clinical and laboratory data during the time the patient was on cortisone 
therapy. The dosage of cortisone varied from 100 to 300 mg. a day, given intramuscularly. 
It is significant that the patient did not manifest any of the toxic symptoms previously noted 
with ACTH, nor any symptoms of toxicity referable to cortisone. She continued to improve 
both objectively and subjectively while on this therapy. Cyanosis, clubbing of the fingers, and 
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Chart 4.—Clinical and laboratory data recorded while patient was being treated with 
cortisone. 


dyspnea improved greatly, and she remained independent of oxygen therapy and was out of 
bed. Her menses, which had ceased in October 1948, suddenly returned while she was on 
cortisone therapy and have continued regularly since. Her weight slowly increased from 76 Ib. 
(34.5 Kg.) to 100 Ib. (45.5 Kg.) at the time of discharge on Nov. 23, 1950. 

The follow-up study reveals that at the present time the patient weighs 125 Ib. (56.5 Kg.), 
is out of bed for eight hours each day and is being maintained on 150 to 200 mg. of cortisone 
by mouth daily. The chest roentgenogram shows no change. Oxygen therapy is not necessary. 


1. The abbreviations aVR and aVF stand for augmented unipolar limb leads. 
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METABOLIC STUDY OF A CASE OF CHRONIC BERYLLIUM 
POISONING TREATED WITH ACTH 


HARRIET L. HARDY, M.D. 


FREDERIC C. BARTTER, M.D. 
BOSTON 
AND 
ABRAHAM E. JAFFIN, M.D. 
JERSEY CITY, N. J. 


oo SINGLE case of chronic beryllium disease is presented as a study of 
metabolic changes in the patient occurring during ACTH therapy. 


A. K., a white woman, 24 years old at the time of this report (1950), was employed in 1942 
for a period of two weeks in a shop manufacturing fluorescent lamps. In this shop the process 
was new at the time, with the result that many lamps were broken and a good deal of beryllium- 
containing phosphor was released into the air. 

During 1944, A. K. reports, she had many respiratory infections for which tonsillectomy 
was done with, she thought, some improvement. During 1945 she was aware of unusual 
fatigue and what she called weakness, which persisted after the disappearance of the respiratory 
infections. 

In 1948, nearly six years after she left the beryllium-contaminated working environment, 
she became pregnant. Early in her pregnancy she accompanied her sister to a local hospital 
where she submitted to the routine roentgenologic chest examinations. The roentgenogram 
showed the characteristic granular changes that have been described as accompanying chronic 
beryllium intoxication. A. K. delivered a normal, healthy, full-term baby and appeared to suffer 
no ill effects from this experience. However, when the baby was about 2 months old and she 
attempted to care for it herself, she was aware of increasing weakness and dyspnea, as well 
as loss of appetite and nausea. She had to give up taking care of the baby and in 1950 
became a bed patient completely. By this time her weight had gone down to about 95 Ib. 
(43 Kg.) from her best weight, in 1943, of 118 Ib. (53.5 Kg.). 

In February 1950 she was brought to the Massachusetts General Hospital for study. 
Abnormal liver function values were found, and on a punch biopsy of the liver an unusual 
hepatitis was reported. Spectrographic analysis revealed the presence of beryllium in the biopsy 
tissue. In spite of the short exposure and long period after leaving a beryllium-containing 
atmosphere, we found that she was excreting small amounts of beryllium in her urine. Her 
tuberculin test was negative, and to be certain of the differential diagnosis, a KVEIM test was 
done and found to be negative, and there were no roentgenographic changes in the bones 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Dec. 13, 1950. 


The study of this case was supported by grants from the National Institutes of Health 
and from the American Cancer Society. 

Dr. Hardy is associate physician, Occupational Medical Clinic, Massachusetts General 
Hospital; instructor in industrial hygiene, Harvard School of Public Health; assistant medical 
director, Occupational Medical Service, Massachusetts Institute of Technology, Boston. 

Dr. Bartter is research and clinical associate, Medical Service, Massachusetts General 
Hospital, Boston; surgeon, United States Public Health Service; assistant in medicine, Depart- 
ment of Medicine, Harvard Medical School. 

Dr. Jaffin is chief of clinics, Hudson County Chest Clinic, Jersey City, N. J. 
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characteristic of sarcoidosis. On rest in bed and with intermittent breathing of oxygen under 
pressure, A. K. improved symptomatically. Her appetite was better, and her dyspnea became 
less troublesome, but it was obvious that nothing had happened to change the course of her 
disease. She was sent home in March 1950, where her condition remained about the same 
until several episodes of spontaneous pneumothorax once more made her a bed patient. 

In June 1950 she was brought back to this hospital for ACTH therapy plus careful meta- 
bolic studies. On her readmission it was obvious that she was extremely weak and that the 
slightest effort produced extreme dyspnea. Roentgenograms of the chest suggested that the 
disease had progressed during the six months she had been under observation. 
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Chart 1.—Nitrogen, phosphorus and calcium balances, and serum calcium and phosphorus, 
in a 24 year old woman with chronic beryllium poisoning who received ACTH. In this chart 
and in chart 2 the metabolic data are arranged according to the following scheme. There is 
a horizontal base line; intake is charted downward from this base line; the urinary and fecal 
excretions are then measured upward from the intake line toward the base line. If the output 
(fecal and urinary) exceeds the intake, the final level will be above the base line; if the intake 
exceeds the output, the final level will be below the base line. Thus a negative balance is 
indicated by a shaded area above the base line, and a positive balance by a clear area below the 
base line. The scales for N, P, Ca, and K metabolism are so chosen that (for changes in pro- 
toplasm and bone) the area representing P balance should equal the sum of the corresponding 
areas for N and Ca, and that representing K balance should equal that for N. 


ACTH was given at a total dosage of 100 mg. a day in four divided doses for 12 days. 
Unfortunately, at the onset of her therapy A. K. suffered a spontaneous pneumothorax, during 
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which the lower lobe of her left lung collapsed to a frightening degree. By means of an 
indwelling catheter, the air was removed, and the lung reexpanded. The program of treat- 
ment was continued, and within four days the patient became frankly improved from the stand- 
point of her oxygen need and her general sense of well-being. Her appetite became a problem, 
since she was on a carefully balanced diet. A curious pigmentation of her face developed, 
which did not disappear for some time. About the tenth day a mental fuzziness was evident, 
which did not present a real problem in handling and disappeared when the drug was with- 
drawn. Pruritus vulvae developed, which was a problem in handling, but this, too, disappeared 
spontaneously with withdrawal of the drug. The improvement in her general sense of well- 
being, her ability to get on without oxygen and to do more and more exercise was dramatic. 
Her chest roentgenogram definitely showed a regression in the densities. It is only fair to 
report, however, that within a month A. K. had returned to her pretreatment clinical level as 
reported to us by her family physician, Dr. Jaffin. She had further episodes of spontaneous 
pneumothorax which were difficult to deal with, and she is again a bed patient with tremendous 


Chart 2.—Potassium and sodium balances, serum pu and carbon dioxide content, circulating 
eosinophils, and actual and “theoretical” weight curves. See legend to chart 1. 


weakness and constant dependence on oxygen. Her weight is 89 Ib. (40.5 Kg.). The meta- 
bolic studies are summarized in charts 1 and 2. 

The design of the experiment was 12 days of control, 12 days of ACTH (100 mg. a day), 
8 days of control. Although this design was carried out, the appearance of a spontaneous 
pneumothorax on the fourth day of ACTH therapy makes the interpretation of subsequent 
data very difficult. A catheter was stitched into the chest wall and suction maintained in 
the pleural cavity for the remainder of the experiment. The small amount of serous exudate 
which appeared in the tubing was not analyzed. In spite of the patient’s hunger during ACTH 
therapy, the intake was kept constant throughout the study. 

The first metabolic change apparent in the data (charts 1 and 2) is the marked negative 
nitrogen balance during the second and third four-day periods on ACTH. Since there were 
commensurate changes in balances of phosphorus and potassium (the other components of 
protoplasm that were measured) it is apparent that protoplasm was being broken down. Since 
these changes did not appear until after the pneumothorax, they obviously may not be attributed 
solely to the effect of ACTH. 
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There was a marked increase in urinary calcium (chart 1) during ACTH therapy, albeit 
not enough to affect the balance very much. This may be a result of the action of vasopressin 
which is present in the ACTH as a contaminant. There was marked sodium retention with 
ACTH therapy, and this effect was apparent before the spontaneous pneumothorax; after 
ACTH treatment was stopped, there was marked loss of sodium. 

The serum pH did not show any alkalesis; the changes of serum carbon dioxide cannot be 
interpreted in the presence of a pneumothorax. 

The eosinophils fell to zero with therapy plus pneumothorax, as expected. 


The weight curves are of little use, since the actual weight could not be obtained in the 
days immediately following the pneumothorax. 


In summary, a number of the usual effects of ACTH were observed in this 
study, but only the early sodium retention could be attributed to ACTH alone. No 
metabolic change was seen which could be considered a unique response of a 
patient with chronic beryllium poisoning. 
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CHOICE OF DRUGS AND DOSAGE 


HOWARD S. VAN ORDSTRAND 
CLEVELAND 


Y OWN experience as to choice of drug and dosage is extremely limited. 
What I wish to state are at most only preliminary impressions and are 
expected to prompt much debate. I am sure that most, if not all of you, have in 
this problem of therapy called for help from the endocrinologists. In my instance, 
my colleague, Dr. R. W. Schneider, of our department of endocrinology and 
metabolism, has given complete cooperation and supervised the drug therapy. He 
has for some time been particularly interested in steroid chemistry. 

At first I should like to mention that there are two things that are beginning to 
crystallize in my mind as a result of today’s meeting. I should like to emphasize 
a few of the statements already mentioned. First, there is or has been a mortality 
rate of between one fourth and one third of all the cases of chronic beryllium poison- 
ing around the country. I believe that everyone agrees with this. As Dr. Wilson 
mentioned this morning, between 25 and 30 per cent of their 73 patients in the Salem 
area have died. Dr. De Nardi and I have found the same approximate mortality 
rate in a smaller group in the Cleveland area. Approximately one half of the 
remaining living patients are either already pulmonary cripples or are showing a 
definite progressive tendency toward becoming such. The other half of the remain- 
ing patients seem either to have reached a stationary point or to show definite 
clinical, as well as possibly spontaneous roentgenological, improvement. We then 
may say that our patients have been divided into thirds, namely, one third that have 
died, another third whose disease has been progressing in an unrelenting manner and 
finally a third in whom the poisoning has stopped progressing without having 
caused complete disability or has even shown some clinical regression. From what 
I have heard of today’s presentation, I am impressed that most, if not all of us, have 
been treating the second group of patients, particularly those that would be best 
classified as showing pulmonary insufficiency, with ACTH or cortisone. I believe 
that we are all impressed that there has been a minimal or moderate improvement in 
all cases. I am sure that most of you who are treating patients with ACTH or 
cortisone have approached the problem of chronic berylliosis with an open mind 
and with the feeling that such is probably not the definitive therapy but that at least 
it may be temporarily salvaging patients from present death. In other words, we 
are trying at least to check momentarily the otherwise relentless progression toward 
death of the middle third group of patients. The other fact that has been impressed 
on me from this meeting has been the considerable variation in the protocol of 
treatment. 

Before specifically discussing the choice of drug and dosage, I believe one must 
review a few of the known basic concepts of these drugs, their action and control. 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 
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I believe this to be necessary, although it may well be invading the province of sub- 
sequent speakers. In any event they may well make corrections and certainly 
additions. ACTH (adrenocorticotropic hormone) is of pituitary origin, is a pro- 
tein and not a steroid, and is known to contain 19 of the 21 known amino acids. 
It stimulates only the adrenal cortex for the output of cortisone and other similar 
steroids. In its administration, we look for sex changes and changes in electrolyte 
and carbohydrate metabolism. 

We have followed the premise that with any of the above compounds we are 
inducing an artificial state of metabolism which we do not want to prolong unneces- 
sarily, at least in a high degree. This therapy probably creates a false euphoria, 
which to my knowledge is still unexplained as to its mechanism. ACTH treatment 
constantly overstimulates the adrenal cortex, with the production of variable degrees 
of adrenal cortical hyperplasia. Adrenal cortical insufficiency may ensue on its 
cessation, at least if this is too abrupt and with large dosage. The administration 
of cortisone or like steroids depresses the pituitary mechanism with resultant similar 
possibility of adrenal insufficiency. 

In our program, therefore, we have been striving to affect a compromise. We 
have arbitrarily established our limits of primary treatment to three to four weeks, 
classifying any treatment after that as chronic or maintenance therapy. In the 
primary therapy we have graduated the dose of the drug in the initial one to two 
weeks, with the maximum level not being maintained for more than one week and 
with the dose then being gradually reduced to discontinuance or the lowest possible 
maintenance level. We have possibly been too conservative. This attitude has been 
influenced by the fact that we are dealing with a problem in which the most serious 
disturbance is pulmonary and there is fear that excess dosage may induce necrosis 
or poor resistance of the host to secondary infection. 

With the above considerations in mind, it has been my opinion, at least up to 
the present, that this therapy should be used only in advanced cases. For some 
time I have attempted in the diagnosis of any pulmonary disease to include classifi- 
cation as to functional capacity. I have tried to base this on four gradations as to 
pulmonary reserve, the same as the American Heart Association has standardized 
for myocardial reserve. I feel that we should be treating only those patients who 
reveal frank pulmonary insufficiency or failure or who are on the verge of this. 
Such a course would then mean the treatment of class 3 or class 4 cases and, of 
course, would include all those complicated with cor pulmonale. Among the living 
remainder of our 30 patients with chronic beryllium poisoning in the Cleveland 
area, Dr. De Nardi and I have found six fitting this criterion who accepted the 
treatment. We reported on those patients this morning. 

From our meager experience I have little to say as to the choice of drug. I have 
no sound grounds for the present preference of ACTH. In those instances that 
Dr. De Nardi and I reported this morning in which ACTH produced a good 
response to treatment after apparent failure of cortisone, the failure of the latter 
may well have been due to inadequate dosage. I was informed by a colleague a few 
days ago that in the treatment of severe lupus erythematosus the comparable require- 
ment dosage of cortisone has been shown to be four times that of ACTH in his 
experience. I have had no experience in treating chronic beryllium poisoning with 
any of the other steroids. 

Our maximum dosage of ACTH in the primary treatment of chronic beryllium 
poisoning has been 60 mg. every six hours. For my two patients on a maintenance 
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schedule, the lowest dosage has been 8 mg. every 12 hours. Up to now I have fol- 
lowed a plan of observing the patient for a time after the primary or initial course of 
treatment prior to placing that patient on a maintenance schedule. Two of the four 
patients have maintained the level of improved status for three and six months, 
respectively, after a course of treatment, while the other two relapsed two weeks 
after the therapy, to require a maintenance program immediately. 

In arriving at our dosage schedule, we watched for and attempted to (1) avoid 
glycosuria and hyperglycemia, (2) significant alterations of electrolyte metabolism 
(as measured by shifts in sodium and potassium) and (3) signs of Cushing’s syn- 
drome, including plethora, striae, purpuric spots, hypertension, muscle weakness, 
osteoporosis, hypercalciuria and hirsutism. We have constantly tried to use as a 
guide in our therapy the fall in circulating eosinophils, which, as you know, should 
be more than 50 per cent. We have not found this test uniformly helpful, however, 
with our patients or controls. 

Before closing I should like to mention a few therapeutic hints that have been 
reported to me referring to this therapy in other conditions. The colleague treat- 
ing a considerable series of patients for lupus erythematosus has been able in some 
cases to manage with orally taken cortisone, prescribing amounts only slightly 
larger than the parenteral dose he had administered to the same patient. He has 
also found the addition of 1 to 2 grains (0.06 to 0.13 Gm.) of thyroid extract to 
enhance the effectiveness of the therapy. It is reported that the subsequent 
administration of insulin injection U. S. P. (e. g., 60 U. S. P. insulin units with 
20 mg. of cortisone) much increases the desired effect. Compound F is reported 
to be just as potent orally as parenterally. 

2020 East Ninety-Third Street. 

DISCUSSION 

Dr. Harriet L. Harpy: Dr. Van Ordstrand, do I understand you that it probably isn’t 
sound to treat these people that are nondisabled? 

Dr. Van Orpstranp: Well, I wonder if with our present knowledge we're justified in 
doing that. I am interested in Dr. Frawley’s statement that their experience has indicated that 
the individual will still make the basic recovery and wonder if we are working on the right 
line in treating those whose disease is progressing unrelentingly and are trying to stop that 
death. Actually, I think we all feel that in beryllium poisoning we are using this until some- 
thing better comes. 

Dr. Harpy: It is very tempting, when we see these people not disabled or before potential 
disability, which we cannot prophesy, to see whether or not we can do something about their 
reactivity. 

Dr. JosepH De Narpr: I am interested in knowing what patients with berylliosis 
to give ACTH to, or cortisone—in what state of the disease, that is, whether in a severe state 
or whether in the incipient state. I have at the present time a group of patients here that 
are in the status quo, most of them doing light work. Some have shown a remarkable improve- 
ment in the last two years without any therapy, that is, specific therapy, as ACTH. I would 
hesitate to give those people ACTH or cortisone for the simple reason that we do not know 
exactly what is going to happen to these patients perhaps a year from now, and since these 
therapeutic agents are new to us, we have to be very careful. My present feeling is that the 
use of cortisone or ACTH should be decided on the basis of severity; that is, it is wise to use 
the drugs in very severe cases, when it is more or less a last resort. 

Dr. Harpy: Dr. Kennedy and Dr. Wright are in favor of it. 

Dr. B. J. KENNepy: I see no reason why you can’t curtail the disease in its early stage. 
Dr. Benning, of Montreal, has shown that by measuring the corticoids in the urine—if you 
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give a patient ACTH over, say, a seven to 10 day period, you get a rise in the corticoids, 
and if some of the patients are given ACTH continuously, the corticoids will fall after a period, 
suggesting that you may be getting adrenal exhaustion, if you want to use that word. How- 
ever, if you take these same patients and treat them seven or 10 days and skip five days and 
treat them seven or 10 days apart, you can maintain a consistent rise in the corticoids, and that 
way over a long period you can treat these patients in an intermittent fashion. In the range 
of cases of beryllium poisoning, I think we can regard it as any other disease, such as early 


rheumatoid involvement, in which the patients have been treated over short periods of time with 
no harm. 


Dr. GrorceE WriGHT: I don’t believe that one should limit treatment to the far advanced 
case. The one in which you can notice definite progression deserves some consideration. The 
other thing about the patient being treated in the early stage, I don’t know that I would 
recommend it any more than I would recommend treatment with cortisone for all these people. 
Some patients in the early stage should be treated. I am reminded of the earlier approach to 
treating tuberculosis. Therapy was tried in the far-advanced cases. One doesn’t learn much 
from that, and oftentimes the therapy is discarded because it didn’t work whereas in the early 
case or the mild case it might have worked. Someone should treat some patients in the early 
stage of the disease. 

I haven’t anything to say particularly about the methods of studying these cases from the 
physiologic point of view. I should like to say that the most consistent finding in our abnormal 
patients has been the high ventilation equivalent. The second most consistent finding is that 
along with the high ventilation equivalent has gone an increase in the alveolar-arterial oxygen 
difference—those two things. The determination of the alveolar-arterial difference is a difficult 
procedure and not available to everyone, but that of the oxygen saturation or the ventilation 
equivalent can be performed in any one’s laboratory and to my mind is a very sensitive index 
of physiologic improvement. Another one would be the maximum breathing capacity or the 
vital capacity, and I prefer the maximum breathing capacity. 


Dr. H. E. Cituxton: I am not prejudiced toward ACTH after having been at the Mayo 
Clinic and having used the first 3 Gm. of compound acetate (cortisone acetate) for five months 
with Randall Sprague, and later giving the first injection to Philip Hench’s patient with 
rheumatoid arthritis. 

In answer to the question concerning the type of therapeutic regimen with ACTH and/or 
cortisone, the following may be mentioned briefly. There is certainly a place for the alternating 
use of ACTH and cortisone, since ACTH stimulates the adrenal cortices and cortisone depresses 
them. Therefore, a patient in undergoing long term therapy should be treated preferably at 
first with ACTH and then later given a course of cortisone, and vice versa. 

As you know, there are no data available, thus far, concerning the concomitant use of ACTH 
and cortisone. As concerns ACTH therapy, one should use relatively large amounts at first 
in order to stimulate the adrenal cortices, and then gradually taper the dose, depending on the 
clinical response. It is difficult to say whether intermittent therapy with either ACTH or 
cortisone is to be preferred over long-continued therapy with either one of the hormones. We 
are dealing with the presence of a toxic metal, and until there is a means of getting the metal 
out of the system, the approach to the therapeutic problem of ACTH and cortisone would seem 
to be directed along the lines of both interval therapy and continuous or maintenance therapy, 
to ascertain which therapeutic regimen will enable the patient’s own “mechanism of resist- 
ance” to withstand the presence of the metal without the tissues reacting abnormally. 

It seems fairly well established that when the cells of the body are under the influence of 
an increase of adrenal cortical stimulation caused by exogenous ACTH or when the substituted 
adrenal steroid cortisone is used, these cells respond in a more nearly physiological manner, 
regardless of the environment in which they exist, whether the environment be one of pyogenic 
bacteria, allergens, trauma such as burns, toxins such as poisonous venoms, or one of metals 
such as beryllium. 

In any of the chronic diseases in which there occurs a change in the tissue collagen—these 
diseases are best treated early and intensively in order to prevent an irreversible deposition of 


collagen. The same approach might well apply to granulomatous lesions such as are found 
in beryllium poisoning. 
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RECOGNITION AND PREVENTION OF THE COMPLICATIONS OF 
ACTH AND CORTISONE THERAPY 


THOMAS F. FRAWLEY, M.D. 
BOSTON 


I‘ THE THREE years which have elapsed since the pituitary adrenocortico- 
tropic hormone and cortisone became available for general use, numerous 
reports of their clinical effectiveness have appeared.’ In general, all reports tend 
to emphasize the dramatic beneficial effects of these hormones in acute and chronic 
diseases, many of which have proved refractory to other forms of therapy. 
Occasionally, with the changing levels of adrenal hormones which accompany ACTH 
and cortisone administration, undesirable physiological effects are produced. 
These may appear with the large doses of hormone required to control a pathological 
process, but more often they are due to doses of hormone which are larger than 
necessary. Fortunately, in most instances these untoward effects regress on dis- 
continuance of treatment; but even more important is the fact that the majority 
may be prevented by specific measures and by, more careful selection of patients 
who are to receive ACTH, cortisone or similar hormonal therapy. 

It is the purpose of this paper to review some of the complications of ACTH and 
cortisone therapy and to discuss their prevention and treatment. As an initial 
approach to the understanding of these complications, the physiological effects of the 
adrenal steroids will be considered briefly. 


PHYSIOLOGICAL EFFECTS 


Adrenocorticotropic hormone (ACTH) is a naturally occurring hormone 
which is obtained from the pituitary glands of domestic animals. This hormone 
induces its physiological effects only through stimulation of the adrenal cortex to 


Read in part at a meeting sponsored by the Occupational Medical Clinic at the Massachu- 
setts General Hospital, Dec. 13, 1950. 

From the Medical Clinic, Peter Bent Brigham Hospital, and the Department of Medicine, 
Harvard Medical School. Dr. Frawley was research fellow in medicine at Harvard Medical 
School, and assistant in medicine at Peter Bent Brigham Hospital at the time of writing. At 
the time of publication he is assistant professor of medicine, Albany Medical College, and 
director of the department of endocrinology and metabolism, Albany Hospital. 

1. (a) Hench, P. S.; Kendall, E. C.; Slocumb, C. H., and Polley, H. F.: Effect of Hor-. 
mone of Adrenal Cortex (17-Hydroxy-11-Dehydrocorticosterone, Compound E) and of Pitui- 
tary Adrenocorticotropic Hormone on Rheumatoid Arthritis, Proc. Staff Meet., Mayo Clin. 
24:181-197, 1949. (b) Thorn, G. W.; Bayles, T. B.; Massell, B. F.; Forsham, P. H.; Hill, 
S. R., Jr.; Smith, S., III, and Warren, J. E.: Medical Progress: Studies on the Relation of 
Pituitary-Adrenal Function to Rheumatic Disease, New England J. Med. 241:529-537, 1949. 
(c) Thorn, G. W.; Forsham, P. H.; Frawley, T. F.; Hill, S. R., Jr.; Roche, M.; Staehelin, D., 
and Wilson, D. L.: Medical Progress: The Clinical Usefulness of ACTH and Cortisone, ibid. 
242:783-793, 824-834, 865-872, 1950. (d) Proceedings of the First Clinical ACTH Conference, 
edited by J. R. Mote, Philadelphia, The Blakiston Company, 1950. 
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produce a variety of steroid hormones, chemically related to vitamin D and choles- 
terol. The major steroid of the adrenal cortex is compound F (17-hydroxycorticos- 
terone). Cortisone (17-hydroxy-11-dehydrocorticosterone) is chemically similar to 
compound F, but is present in only small quantities in the adrenal cortex. The 
administration of ACTH and cortisone or similar steroids causes an alteration in the 
circulating level of adrenal steroids. The clinical effects produced depend on 
the degree to which this basal steroid level is altered, i. e., increased or decreased. It is 
for the latter reason that there is great variability in clinical response with identical 
doses of ACTH or the adrenal steroids. Just as there are considerable variations in 
steroid levels, so are there great variations in adrenal gland sensitivity to ACTH. 
With either ACTH or cortisone there is no specific dose that is consistently, uni- 
formly effective in all patients. The dose must be individualized. 


TABLE 1.—Physiological Changes Associated with Reduced Adrenal Cortical Function 


. Sodium and chloride loss (urine, sweat, saliva) 
. Potassium retention 

. Glyeogen depletion (liver and muscle) 

. Impaired fat mobilization and utilization 

. Decreased gluconeogenesis from protein 

. Inereased antidiuretic activity 

. Altered muscular function (heart and skeletal) 

. Lymphoid hyperplasia 

. Abnormal pigmentation 


TasLe 2.—Physiological Changes Related to Excessive Corticoid Levels 


. Hypochloremic alkalosis with hypopotassemia 
. Hyperglycemia, glycogenosis and glycosuria 
Negative nitrogen balance 

Hematological changes (erythropoiesis, i 
Lymphoid involution 

Depression of thyroid function 

. Inereased pepsin and uropepsin production 

. Hyaluronidase inhibition 

. Inereased pigmentation 

. Psychological changes 


A variety of physiological alterations associated with reduced adrenal cortical 
function are listed in table 1. They consist of electrolyte effects, carbohydrate, fat 
and protein effects, neuromuscular changes, hematological and cellular effects. 
While these disturbances are characteristic of severe adrenal cortical insufficiency, 
there is no evidence to date that similar, though less marked, changes are not present 
in many disease processes. Indeed, with the measurements of adrenal cortical 
activity which are available to us today, no alteration is found in this activity even 
in those diseases which respond dramatically to ACTH or cortisone treatment. 

A number of physiological changes also result when there is increased adrenal 
cortical activity (table 2). They comprise the principal effects of corticoids and 
form the basis for the discussion which follows. With few exceptions, these are 
generally the opposite of those present in adrenal hormone insufficiency. 

The manner in which ACTH and cortisone modify specific disease processes is 
still unknown, but it appears that the effect is a nonspecific one in which cellular 
reaction and consequent cellular destruction are prevented. It is unlikely, however, 
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that the improvement or lack of improvement in diseases treated with ACTH or 
cortisone can be attributed to metabolic or electrolytic changes. Nevertheless, 
although these effects are relatively unimportant in terms of therapeutic responsive- 
ness, they may be of major importance when they appear during treatment with 
ACTH, cortisone or similar steroids. With a full understanding of the physio- 
logical actions which result from an insufficiency or an excess of circulating corti- 
coids, the management of patients during ACTH and cortisone treatment will 
become less of a problem. 


UNTOWARD PHYSIOLOGICAL EFFECTS 


In this discussion the term “untoward effects” refers to physiological alterations 
which accompany ACTH and cortisone administration but which at present appear 
to be of no therapeutic benefit. Occasionally the early preparations of ACTH, due 
to posterior pituitary contamination, caused blanching of the skin and abdominal 
cramps, but with the improved preparations of ACTH now available these reactions, 
as well as antigenic reactions to ACTH, are now so rare that ACTH may be safely 
administered intravenously.2. The intramuscular administration of cortisone may 
rarely cause local irritation, erythema and skin rashes. These are probably due to 
the vehicle in the preparation used rather than to the cortisone molecule per se. 

The untoward physiological effects associated with the administration of ACTH 
and cortisone may be conveniently considered under the following headings. 

Alterations in Electrolyte Metabolism.—One of the characteristic chemical blood 
findings which has been observed in hyperadrenocorticism, and from ACTH or 
cortisone, is hypopotassemic, hypochloremic alkalosis. This is noted particularly 
when the dosage is high and the course of therapy prolonged. One of the character- 
istic physiological actions of the majority of adrenal steroids is to increase potassium 
excretion, and the changes in serum chloride and serum pH follow. The presence 
of this abnormal serum electrolyte pattern, particularly hypopotassemia, is suggested 
clinically by the development of lethargy, muscular weakness and cardiac irregu- 
larities. Early chemical evidence consists of a lowered serum chloride and an 
elevated carbon dioxide-combining power. If the level of serum chloride and the 
CO, combining power are significantly altered in this way, it is likely that the serum 
potassium is low. The latter produces characteristic changes in the electrocardio- 
gram (chart 1), which thus becomes a useful substitute for chemical determinations 
of serum potassium concentration. 

In order to prevent hypopotassemia, hypochloremic alkalosis, potassium chloride 
should be administered. Not only does it supply the required potassium and 
chloride ions but, in addition, its diuretic action reduces water retention, which gen- 
erally accompanies adrenal hormone treatment. The usual dosage is 0.9 Gm. three 
times a day as enteric-coated tablets. This will suffice in most cases. With an 
occasional patient it will be necessary to increase the potassium chloride to a total 
daily dose of 5.4 Gm. It appears that the amount of potassium required in some 
patients is related to the level of adrenal cortical hormone attained from ACTH 
stimulation or cortisone treatmeint. The greater the elevation of the hormone levels 
the greater the possibility of hypopotassemia. While hypopotassemia calls for 
prompt treatment, it should be pointed out that overzealous administration of 


2. Renold, A. E.; Forsham, P. H.; Maisterrena, J., and Thorn, G. W.: Intravenous ACTH 
(Preliminary Report), New England J. Med. 244:796-798, 1951. 
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LOW K 


INVERTED T NORMAL T 
PROLONGED Q-T NORMAL Q-T 
PROLONGED P-R NORMAL P-R 
Chart 1.—Typical electrocardiographic changes in hypopotassemia. The changes in the elec- 
trocardiogram may appear singly or in combination. Treatment of the potassium deficit causes 


the electrocardiographic pattern to revert to normal. Overtreatment is indicated by the T waves 
becoming tall and pointed. 
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Chart 2.—Serum electrolytic changes during ACTH therapy. Note the efficacy of oral 
administration of potassium chloride in correcting hypopotassemic, hypochloremic alkalosis. 
During one period of ACTH therapy increased amounts of KC1 were required in order to effect 
an electrolyte adjustment. 
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potassium may prove fatal if an absolute or even relative hyperpotassemia develops. 
The readjustment of the serum electrolyte abnormality should be made promptly 
but not too rapidly and preferably by the oral route (chart 2). 

Patients treated with ACTH and cortisone tend to retain sodium and water, 
so that edema develops. This is particularly undesirable in situations where con- 
gestive heart failure is imminent or already exists. To a large extent it may be 
prevented by restricting the patient to a low sodium diet (less than 1.5 Gm. daily) 
and limiting fluids to 1,000 to 1,500 ml. daily. In spite of these measures, it is 
occasionally necessary to administer a mercurial in order to force diuresis. Since 
this diuresis increases potassium excretion, it can prove serious to the edematous 
patient who may already be hypopotassemic. It therefore is extremely important 
before using diuretics to have a nearly normal serum potassium level or to protect 
the potassium level with supplementary potassium. 

Finally, it should be stated that a spontaneous diuresis occasionally occurs during 
prolonged ACTH or cortisone therapy and that one invariably follows 48-72 hours 
after withdrawal of treatment. At the end of the period of diuresis the patient may 
complain of headache, weakness, drowsiness and a “washed-out” feeling. Additional 
fluids by mouth, such as broths or fruit juices, will correct this situation if it is not 
too severe. 

In summary, the most important electrolytic change associated with the use of 
ACTH and cortisone is the reduction in serum potassium. This is easily detected 
chemically or with the electrocardiogram and is readily prevented and corrected with 
potassium chloride. A varying degree of sodium and water retention is observed 
in some patients receiving these hormones. Any edema which develops clears when 
treatment is withdrawn. 

Metabolic Changes.—Characteristically, ACTH and cortisone significantly 
affect the intermediary metabolism of protein, carbohydrate and fat (table 2). The 
effect most commonly observed clinically is on carbohydrate metabolism. Hyper- 
glycemia and glycosuria accompany treatment with these hormones, but it rarely 
becomes necessary to institute insulin therapy. The glycosuria is in a large measure 
due to a reduction of renal threshold and alone is not sufficient reason for giving 
insulin. If the fasting blood sugar is increased more than twofold and the treatment 
is to be prolonged, it may be wise to start insulin using the blood sugar to determine 
the dosage needed. Thus far, permanent diabetes following ACTH or cortisone has 
not been reported. In the diabetic patient who must be treated with ACTH or 
cortisone, the change in insulin requirement is most easily handled by the addition of 
small increments of crystalline insulin to the daily insulin dosage. The amount of 
crystalline insulin required may be determined by following the blood sugar. This 
is a much more accurate procedure to follow, but the increase in glycosuria may be 
used. It is important to emphasize the necessity of administering larger amounts 
of crystalline insulin than are customarily given to reduce glycosuria. This is in 
part due to the antagonism which exists between adrenal cortical steroids and insulin. 
Any increase in the severity of the diabetes never reaches alarming proportions. 
In the diabetic patient receiving ACTH or cortisone it is most important to reduce 
the insulin dosage immediately on discontinuing hormone treatment. Otherwise, 
severe hypoglycemic episodes may develop, due to temporary adrenal cortical insuf- 
ficiency and increased insulin sensitivity. It is much better to be safe and cut back 
the insulin to the previous maintenance level immediately rather than make graded 
reductions. 
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In patients with interval gout or a uric acid diathesis severe acute attacks may 
appear for the first time following the withdrawal of ACTH and cortisone. This 
may be treated by either reinstituting ACTH and cortisone treatment for an 
additional 24-48 hours together with colchicine or using colchicine alone. 

Hormonal Changes——Functional Depression of the Pituitary-Adrenocortical 
Axis: Evidence has been obtained from several sources that following the with- 
drawal of cortisone there is a temporary functional depression of the adrenal cortex.* 
It is characterized by asthenia and lassitude. The presence of adrenal insufficiency 
may be shown by a failure of the adrenal cortex to respond to ACTH stimulation. 
This unresponsiveness usually lasts four to seven days, but on occasion in patients 
who have had prolonged courses of cortisone therapy the adrenal cortical depression 
may last as long as 10 to 14 days (table 3). If the development of adrenal cortical 
insufficiency is acute, it may prove fatal. Therefore, it is important with cortisone 
or with other types of adrenal steroid therapy, such as 17-hydroxycorticosterone 
(compound F ), to reduce the dose gradually and slowly increase the interval between 
doses before the complete cessation of treatment. It may also be prevented by 
administering ACTH during the withdrawal of cortisone. This allows the depres- 


Tas_eE 3.—Adrenal Cortical Depression During Cortisone Treatment in a Woman Aged 
35 with Hyperthyroidism 


4-Hr. ACTH Test 
17-Ketosteroids Fall in Eosinophils, 
Treatment (Mg./24 Hr.)* Per Cent 


0 8.8 
Cortisone, 200 mg. X 7.6 

0 X 6 days 
ACTH, 40 mg. X 2 days 7.6 


*Cortisone therapy has caused a reduction in 17-ketosteroids excretion. This suppression of adrenal 


cortical activity is also shown by the failure of ACTH to cause a rise in 17-ketosteroids or a significant fall 
in circulating eosinophils. 


sion of the anterior pituitary adrenocorticotropic mechanism to disappear gradually 
and leads to increasing amounts of endogenous corticotropin production, stimula- 
tion of the patient’s adrenal cortices and eventually restoration of the pituitary 
adrenocortical system to normal. 

Following the administration of ACTH there is also functional depression of 
the adrenal cortex, and temporary adrenal insufficiency develops. It is due to 
suppression of endogenous pituitary production of corticotropin, is less prolonged 
and less complete than that following cortisone, since the adrenal itself remains 
enlarged, capable of active secretion and in a state of ready responsiveness to stimu- 
lation. The development of adrenal cortical insufficiency is readily prevented if the 
ACTH is gradually reduced before it is discontinued. Epinephrine has been sug- 


gested as a possible means of stimulating the functionally depressed pituitary but 
has not proved effective in this regard. 


3. Sprague, R. G.; Power, M. H.; Mason, H. R.; Albert, A.; Mathieson, D. B.; Hench, 
P. S.; Kendall, E. C.; Slocumb, C. H., and Polley, H. F.: Observations on the Physiological 
Effects of Cortisone and ACTH in Man, Arch. Int. Med. 85:199-258 (Feb.) 1950. Forsham, 
P. H.; Thorn, G. W.; Frawley, T. F., and Wilson, D. L.: Studies on the Functional State of 


the Adrenal Cortex During and Following ACTH and Cortisone Therapy, J. Clin. Invest. 
29:812, 1950. Thorn and others.!¢ 
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Thyroid Depression: ACTH and cortisone may produce suppression of the 
thyroid * as part of the over-all suppression of the anterior lobe of the pituitary 
gland—thyroid-stimulating hormone being reduced as well as the production of 
adrenocorticotropic hormone and gonadotropic hormone. The reduction of 
thyroid activity never reaches serious proportions and may be treated with very 
small doses of thyroid. Caution should be exercised in using thyroid immediately 
after the withdrawal of ACTH or cortisone inasmuch as thyroid administration in 


the presence of adrenal cortical insufficiency, whether relative or absolute, may 
prove fatal. 


Gonadal Depression: Serious complications arising from disturbances of the 
gonads are unknown. However, there are certain changes which should be dis- 
cussed. Probably the most common change noted is amenorrhea. This is usually 
only temporary, lasting throughout the course of treatment, whereas normal menses 
return two or three months after treatment has been discontinued. In the male 
there may be a decrease in sexual drive, which occurs only if the treatment is pro- 


longed and may not be due to gonadal suppression. No specific treatment is 
indicated. 


Other Changes.—In this category are included a variety of changes whose 
physiological basis is not clearly defined as yet, but which appear with ACTH and 
cortisone administration. One of the most important changes produced is an alter- 
ation in the psychic state. Most commonly this is in the form of euphoria. It 
develops to some extent in the majority of patients and is a part of the happiness and 
delight over the disappearance of their disease. It is usually of short duration, 
but in an occasional patient, it may become very disturbing. The change in mental 


state does not always follow this euphoric pattern. In some patients mental depres- 
sion may appear. This often takes the form of paranoid delusions. Usually the 
euphoria or the depression will vanish on withholding treatment. In some patients 
actual psychoses develop, and in addition to withholding therapy other measures, 
such as shock treatment, may be necessary. 


The serious complication of psychosis may be prevented by observing certain 
precautions during treatment. The earliest precaution to be taken is the proper 
evaluation of the patient who is to be treated with ACTH or cortisone. In the 
presence of a basic psychoneurotic pattern or emotional instability it is probably 
wise whenever possible to withhold ACTH or cortisone treatment. In those 
instances, however, in which it is necessary to use these agents, the earliest evidence 
of abnormal behavior should be regarded as a warning signal and treatment should 
be stopped. Often the patient describes a state of being bothered by several inde- 
pendent unrelated trains of thought, none of which he can concentrate on or carry 
to completion. It is often so disturbing that the patient becomes anxious and has 
insomnia. This may go on to the development of hallucinations, usually visual, 
occasionally aural, and severe mental depression. In some instances it has been 
possible to associate mental changes with marked electrolyte alterations due to 
excessive sodium retention and cerebral edema or hypopotassemia. It is wise 
to be on the alert for the possibility of these biochemical changes before concluding 
that the cause of the mental disturbance is due to the hormones per se. In some 


4. Hill, S. R., Jr.; Reiss, R. S.; Forsham, P. H., and Thorn, G. W.: The Effect of Adreno- 
corticotropin and Cortisone on Thyroid Function: Thyroid-Adrenocortical Interrelationships, 
J. Clin. Endocrinol. 10: 1375-1400, 1950. 


— 
. 
; 


594 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


instances in spite of careful evaluation and every precaution it is impossible to pre- 
dict or prevent the development of mental changes. However, if at the first indi- 
cation of abnormal mental change treatment is withdrawn, pronounced psychic 
disturbances will be kept at a minimum. 

Skin changes may be associated with ACTH and cortisone treatment. These 
usually take the form of acne, keratosis pilaris, hirsutism and pigmentation. Inas- 
much as these, with the possible exception of pigmentation, usually disappear fol- 
lowing discontinuance of ACTH and cortisone, no specific measures for their 
prevention are indicated. An occasional patient complains of loss of scalp hair 
during or following ACTH and cortisone treatment. As yet no instances of failure 
of hair to regrow have been reported. 

Cushing’s syndrome, with rounding of the face, hypertension and purplish 
abdominal striae, appears with prolonged or intensive ACTH or cortisone therapy. 
It is always reversible and gradually disappears when treatment is discontinued. 

The electrolyte and metabolic changes associated with hyperadrenocorticism 
have already been discussed. 

Moderate restriction of caloric intake during hormonal treatment may be advis- 
able because of the marked increase in appetite and body weight, exclusive of edema, 
which occasionally develops. Unfortunately, subsequent to treatment it is often a 
difficult for these patients to lose this additional weight. 

There is some evidence to suggest that ACTH and cortisone may cause 
vascular complications by virtue of tkeir effect on blood coagulability. Fatal 
pulmonary embolism in patients receiving ACTH or cortisone has been reported.° 
We have observed thrombophlebitis in only one patient following ACTH adminis- 
tration. It has been suggested that the development of intravascular thrombosis is 
due to the production of blood hypercoagulability.’ Not all workers are agreed 
that this occurs and offer evidence that an opposite effect is produced.® 

Animal experiments’ have shown that ACTH and cortisone interfere with 
wound healing. Decreased formation of fibroblastic tissue and granulation tissue is 
observed. Clinically, however, this has not been a frequent or serious problem. 
Epithelization of skin burns and the “taking” of autografts and homografts of skin 
are not interfered with and may actually be improved with the use of ACTH corti- 
sone.* Testosterone propionate, 25 mg. daily, intramuscularly, or a similar potent 
nitrogen-retaining drug may be used during ACTH and cortisone administration 
if difficulty with wound healing is anticipated. 

t Lastly, a comment should be made about the exacerbation and occasionally 
’ actual exaggeration of disease processes which may develop on withdrawal of ACTH 
or cortisone therapy. In those instances which are characterized by an immediate 


5. Cosgriff, S. W.; Diefenbach, A. F., and Vogt, W., Jr.: Hypercoagulability of the Blood 
z Associated with ACTH and Cortisone Therapy, Am. J. Med. 9:752-756, 1950. 
Fi 6. Smith, R. W.; Margulis, R. R.; Brennan, M. J., and Monto, R. W.: The Influence of 
ACTH and Cortisone on Certain Factors of Blood Coagulation, Science 112:295-297, 1950. 
7. Ragan, C.; Howes, E. E.; Plotz, C. N.; Meyers, K., and Blunt, J. W.: Effect of Corti- 
sone on Production of Granulation Tissue in the Rabbit, Proc. Soc. Exper. Biol. & Med. 72:718- 
719, 1949. 
8. Whitelaw, M. J.: The Treatment of Severe Burns with ACTH—Preliminary Case 
Reports, in Proceedings of the Second Clinical ACTH Conference, edited by J. R. Mote, Phila- 
delphia, The Blakiston Company, 1951. 
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return of all symptoms and signs it is usually only temporary and lasts 48 to 96 
hours, followed by a complete or partial remission. In some patients with psoriasis 
or rheumatoid arthritis the disease becomes much worse after stopping treatment. 
There is no way, as yet, of predicting in which patients the disease will do this. 
By withdrawing ACTH and cortisone therapy slowly many of these exacerbations 
can be prevented. 

CONTRAINDICATIONS 


Hypertension.—Because of the salt and water retention which accompany ACTH 
and cortisone administration they should be used cautiously in the presence of severe 
hypertension. There is also experimental evidence that the adrenal steroids, par- 
ticularly desoxycorticosterone-like steroids, act directly on blood vessels, thereby 
aggravating hypertension. The restriction of sodium intake will tend to minimize 
elevation of blood pressure, and the judicious use of diuretics often aids in reducing 
accentuation of preexisting hypertension. 

Congestive Heart Failure-——In general, ACTH or cortisone should never be 
used in the presence of congestive heart failure. The only exceptions are those in 
which the modification of the disease includes improvement in cardiac function or 
reduces the load placed on the heart. As an example, an occasional patient with 
acute rheumatic fever and congestive heart failure will improve so dramatically dur- 
ing treatment that the hormone treatment may be safely given without compromising 
the cardiac status. This has also been observed in instances of heart disease sec- 
ondary to chronic pulmonary disease in which the improvement in the latter has 
been so marked that concomitantly cardiac symptoms appeared to be reduced. 

Renal Insufficiency —In a previous publication it was shown that most renal 
diseases, with the exception of the nephrotic syndrome, do not respond therapeu- 
tically to ACTH and cortisone treatment.’* Indeed, certain manifestations of renal 
insufficiency are actually made worse. The blood nonprotein nitrogen tends to rise; 
albuminuria increases. Unless there are good indications for ACTH and cortisone 
therapy, these hormones should not be used in the presence of kidney impairment. 

Peptic Ulcer —There are instances of active bleeding from peptic ulcers follow- 
ing administration of ACTH and cortisone. This has occurred in patients whose 
ulcers had previously been pronounced healed or inactive. Reports of perforation 
of a peptic ulcer following ACTH treatment and activation of quiescent ulcers are 
available.® In the case of the activation of a quiescent ulcer this therapy may prove 
disastrous inasmuch as some of the signs and symptoms which normally accompany 
perforation of a viscus may be masked by the hormone effects. That intestinal 
ulceration is not made worse by ACTH or cortisone in all instances is clearly 
shown in the response which certain patients with ulcerative colitis © obtain with 
ACTH or cortisone treatment. 

Tuberculosis and Syphilis —In both man and animals there is evidence indicating 
that tuberculosis may be aggravated during treatment with ACTH or cortisone. 
Therefore, they should be used with great caution in patients who might have active 


9. Habif, D.; Hare, C. C., and Glaser, G. H.: Perforated Duodenal Ulcer Associated with 
Pituitary Adrenocorticotropic (ACTH) Therapy, J. A. M. A. 144:996 (Nov. 11) 1950. Smyth, 
G. A.: Activation of Peptic Ulcer During Pituitary Adrenocorticotropic Hormone Therapy, 
ibid. 145:474-477 (Feb. 17) 1951. 
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or latent tuberculosis. The danger of using either hormone in patients with syphilis 
has not been defined as yet, but aggravation of syphilis in experimental animals has 
been reported.'° 

Psychoses and Psychopathic Personalities—This has already been discussed 
above in some detail. It is only necessary to reiterate that as regards patients 


with latent or overt psychotic tendencies the effect of ACTH and cortisone is unpre- 


dictable, and the ultimate prognosis uncertain. Therefore, unless there are strong 


indications, their use should be avoided. For the same reason they should not be 
used in patients with cerebral arteriosclerosis or in very aged persons. 


Acute Infections—It has been observed that ACTH and cortisone modify 
impressively the clinical symptoms and signs of patients with acute infections. How- 
ever, in spite of the loss of the clinical manifestations, bacteremia, when present, 
persists.’! Failure to appreciate this fact has led to death from overwhelming infec- 
tion in a few instances. We have observed the development of pneumonia without 
any symptoms in one patient with excessive corticoid levels associated with active 
Cushing’s syndrome. It is necessary to be alert to the development of infections 
during ACTH and cortisone therapy and to administer the usual doses of antibiotics 
and chemotherapy, although the clinical signs and symptoms are minimal or absent. 

Diabetes Mellitus—Both ACTH and cortisone aggravate diabetes mellitus. 
However, by adjusting the insulin dosage as discussed above it is possible to use 
these agents safely in diabetic patients. 

Hirsutism.—The development of hirsutism or the accentuation of a minimal pre- 
existing hirsutism is likely to occur with prolonged treatment or large doses of 


ACTH and cortisone. This minor complication reverts quickly to its original state 
on withdrawal of therapy. 


Osteoporosis —The negative nitrogen balance and increased calcium excretion 
which accompany the administration of ACTH and cortisone are theoretical objec- 
tions to their being used in patients with osteoporosis. Thus far, actual aggravation 


of osteoporosis has not been observed, but it may be if these agents are administered 
for prolonged periods. 


Arteriosclerosis —Both ACTH and cortisone may conceivably aggravate arterio- 
sclerosis by virtue of the increase of serum cholesterol which they produce. This is 
due to a direct effect on fat and cholesterol metabolism and the reduction in thyroid 
activity which they cause. Although no specific complications have arisen, the 


potentialities are too great to warrant the extensive use of these agents in patients 
with marked generalized arteriosclerosis. 


SUMMARY AND CONCLUSIONS 


No one using and administering ACTH and cortisone can help being impressed 
with the profound physiological disturbances which they produce. One need only 


recall and reflect on the multiplicity of physiological changes produced by adrenal 


cortical steroids which have been briefly touched on in this paper. If we consider 


10. Turner, T. B., and Hollander, D. H.: Cortisone in Experimental Syphilis (A Prelimi- 
nary Note), Bull. Johns Hopkins Hosp. 87:505-509, 1950. 
11. Kass, E. H.; Ingbar, S. H., and Finland, M.: Effects of Adrenocorticotropic Hormone 


in Pneumonia: Clinical Bacteriological and Serological Studies, Ann. Int. Med. 33:1081-1098, 
1950. 
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that there are cytological, hormonal, enzymatic, metabolic, neuromuscular and 
electrolytic effects of ACTH and cortisone, it is not difficult to understand the far- 
reaching bodily changes produced. While it is true that these effects appear daily 
as a part of the body’s normal response to stress and the consequent adrenal cortical 
stimulation, it is rare that they reach the proportions seen with ACTH and adrenal 
steroid therapy. Fortunately, most diseases that are amenable to ACTH and 
cortisone therapy respond to doses of the hormones not far in excess of those pro- 
duced normally by the adrenal in response to the stress of a disease. Actually, 
however, the adrenal cortical hormone level is often exceeded to some extent in 
order to provide adequate control of the disease. It is then that complications 
develop, sometimes unavoidably, because of the large doses of hormone required. 
As we learn more and more about applying adjunctive agents which will reduce the 
number and the severity of the complications—viz., potassium chloride for hypo- 
potassemic, hypochloremic alkalosis, insulin for hyperglycemia and estrogens for 
excessive masculinizing effects—it will be possible to extend treatment with ACTH 
and adrenal steroids to more and more patients without causing complications. 
However, at present their widespread use without a proper understanding of the 
physiology of the pituitary-adrenocortical system and the physiology and phar- 
macology of adrenal steroids is going to continue to lead to complications—some 
reversible, others permanent and still others fatal. It is hoped that the above dis- 
cussion of the prevention and diagnosis of the complications of ACTH and cortisone 
therapy will serve a useful purpose in allowing those afflicted wah disease to be 
treated properly, completely and safely. 


DISCUSSION 


Dr. Martan W. Ropes, Boston: In rheumatoid arthritis we had some impressions differing 
from Dr. Frawley’s, particularly in regard to the dangers. I agree entirely that the acute 
dangers, especially the acute electrolytic disturbances, can be relatively well controlled and that 
the glycosuria and the hypertension usually disappear very quickly after stopping the treatment. 
Usually one can prevent the electrolyte disturbances by giving potassium chloride, 4 Gm. a day, 
and by giving a low sodium diet. However, there remains the possibility of slow, gradual reten- 
tion of sodium and water. We have already begun to see some difficulties that may be on this 
basis after three to five months of treatment. One patient recently went acutely into cardiac 
failure when she contracted what appeared to be a severe virus infection. We had no reason 
to think she had cardiac disease, and we assume that the failure was due, at least in part, to 
the slow retention of sodium and water. She lost 8 Ib. (3.5 Kg.) in the next few days and has 
now regained cardiac compensation. 


In dealing with psychoses we have been much less fortunate than those at some other places. 
We think that one cannot pick the patients in whom psychoses are going to develop. We have 
seen them develop from average or large doses of ACTH and cortisone. Of course, it is true 
that in some of the patients there had been emotional disturbances of moderate to severe degree, 
as is not uncommon in many patients with chronic disease, but we think we cannot predict 
whether an individual will become psychotic. One of the more severe psychoses we have seen 
occurred in a relatively stable patient. Other workers have reported severe psychoses, some 
apparently permanent. There are several reported suicides as well as several suicidal attempts. 

The other thing that we have seen that worries us a little is decalcification of bones. Dr. 
Frawley said he hadn’t seen osteoporosis. We don’t know how to explain the difference. It is 
true that we deal with diseases that affect the bone, but loss of calcium during administration 
of these hormones has been shown by all metabolic studies. Several fractures have occurred. 
To date I think all of them have healed satisfactorily. The two we have seen have healed 
quickly. 

We are also disturbed about the concealing of manifestations of infection in patients receiving 
these hormones. Surely, as Dr. Frawley said, pneumonia can develop without any symptoms 
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except possibly dyspnea or a decreased sense of well-being. Peritonitis also can develop without 
symptoms. I find it very difficult to interpret the complicating set of factors when I see a patient 
who is obviously not feeling as well, in whom some fever has developed and who has some 
elevation of leukocytes above that induced by the drug but has no characteristic signs or symp- 
toms of disease. We have not yet had any such complications that have been fatal, but fatal 
cases of pneumonia and peritonitis have been reported. 

The one other point which is disturbing is that we have no indication so far that during 
the process of medication the underlying disease is healed. There is, to be sure, a tremendous 
reduction in the clinical and laboratory manifestations of disease, but recurrence is very rapid 
in almost all cases. As far as we can see there is no indication that normal healing of the 
process is continuing over the period of hormone administration. Apparently it must begin again 
when the medications are discontinued. Of course, I don’t know whether the same would be 
true of a disease like that due to beryllium, which differs in so many respects. 

Dr. Harriet L. Harpy, Boston: Dr. Kline, what do you think about dosage now that you 
have heard Dr. Van Ordstrand and Dr. Frawley? Do you have anything you'd like to say? 

Dr. Epwarp Kung, Cleveland: First of all, I think there is a choice between cortisone and 
ACTH. One should determine adrenal cortical response by one of the technics, such as the 
eosinophil count, the 17-ketosteroid excretion or the sodium-potassium level in the blood, or 
the sodium-potassium level in the urine after a test dose of the hormone. We did so in the cases 
which I presented this morning. All of the patients did show a favorable response to ACTH, 
and therefore we elected to use this preparation. Once we get a remission there is no point 
in increasing the dose of ACTH. We get no more of a remission and, as a matter of fact, it 
should be tapered down slowly as the remission continues. This can be graphed from a clinical 
point of view. When the hormone is withdrawn, the patient apparently goes downhill slowly. It is 
my feeling that he goes down more slowly if the period of treatment is longer. In the cases 
that we discussed this morning, the treatment period in each instance was three months. In 
each case 100 mg. a day was effective. May I further emphasize that it was always given four 
times a day? With the new preparations that may not be necessary. May I emphasize also 
that there must be a little tapering-off period so that when we get down to, say, 25 mg. a day, 
we probably ought to go down to 10 mg. in order to give the adrenal a chance to take over the 
function that we have been taking care of for it. 

Dr. Harpy: What do you think about the need for tapering the dose, Dr. Van Ordstrand? 

Dr. H. S. Van Orpstranp, Cleveland: I feel keenly about that. I was going to ask Dr. 
Kline how long he wants the 100 mg. a day dose continued? 

Dr. Kurne: In our experience the period was not the same for every patient, because we 
kept it up until we obtained the remission. That was usually on the average of one week to two 
weeks at the maximum. 

Dr. VAN Orpstranp: I think we are all agreeing. We're making an effort to tailor the 
dosage and the program to the patient’s response. I feel keenly about tapering the dosage down. 

Dr. Harpy: You're in favor of it? 

Dr. Van Orpstranp: I am in favor of not keeping a high dosage very long. 

Dr. Harpy: Does not the patient lose his ability to respond because of this tapering? 

Dr. Van Orpstranp: What we do is to reach the maximum safe tolerance level dose, keep 
that level for maybe a week, but build up to that level gradually and then decrease gradually. 
I think Dr. Kline’s cases illustrate beautifully that his patients are doing well on this program. 

Dr. Harpy: Do you agree with that, Dr. Frawley? 

Dr. Frawtey: Yes, in general, we follow this same procedure. We feel that tapering is a 
very important measure to be followed. I might say, not in beryllium disease but in some other 
diseases, particularly in lupus and a few rheumatoid conditions, that those in whom we have 
obtained what might be called “cures” have been those in whom we have used the highest doses 
and most prolonged treatment. I bring that observation in as a consideration relative to whether 
one needs to put the adrenal under maximum stimulus in a situation in which there are tre- 
mendous amouuts of circulating steroids. Those patients whose diseases are very chronic are 


known to show poor response, and in the few that have had a good remission, we have used 
large doses over relatively long periods. 
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INFORMATION GAINED IN PRETHERAPY AND POST-THERAPY 
PULMONARY FUNCTION STUDIES 


JOHN McCLEMENT, M.D. 
NEW YORK 


SHOULD like to review briefly the experience that we have had on the 

Columbia Service at Bellevue Hospital and at Presbyterian Hospital with the 
use of cortisone and corticotropin (ACTH) in a variety of diffuse pulmonary dis- 
eases. All the patients have had, in addition to the usual clinical and roentgenological 
observations, serial studies of cardiopulmonary function. We have treated and 
studied six patients. We have studied one patient who had scleroderma with diffuse 
pulmonary involvement ; two patients who had a granulomatous disease of the lung 
in which the lesions had a similar and uniform histologic pattern characterized by a 
large number of foreign body giant cells, birefractive crystals and epithelioid cells— 
in a moment I will tell you of one of these in more detail—one patient with a granu- 
lomatous lesion clinically and histologically characteristic of Boeck’s sarcoid; one 


with chronic beryllium poisoning, and one for whom a diagnosis could not be 
established by a history of exposure to toxic substances or by a biopsy but who was 
believed clinically to have diffuse granulomatous disease of the lung. 


As you see, we have had little experience in the treatment of patients with 
chronic beryllium intoxication. However, four of these six patients have had lesions 
which are histologically similar to the lesions seen in chronic beryllium intoxication, 
and all of them have had physiological defects which are remarkably similar to those 
which have been described in persons exposed to beryllium compounds. Character- 
istically they have had hyperventilation at rest and during exercise, normal or nearly 
normal arterial oxyhemoglobin saturation at rest, marked arterial oxyhemoglobin 
unsaturation after exercise and some elevation of the pulmonary artery blood 
pressure. In all these cases we have measured the oxygen-diffusing capacity of the 
lung and found it markedly reduced and believe that this interference with the 
diffusion of oxygen across the alveolar-capillary membrane is the fundamental defect 
in these cases. Because of the physiological similarity of these cases to those of 
beryllium intoxication, we hope that our observations will cast some light on the 
mode of action of ACTH and cortisone in chronic beryllium poisoning. Our experi- 
ence with these cases has convinced us that cardiopulmonary physiological studies 

From the Cardio-Pulmonary Laboratory of the First Medical and Chest Services (Columbia 
University Division), Bellevue Hospital. 


Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 
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are essential in following treatment in cases such as these. Sometime ago Dr. 
Cournand pointed out that such studies were essential when therapy was under- 
taken which might alter respiratory gas exchange or the pulmonary circulation.* 
With cortisone or ACTH, with which a sense of well-being, and even euphoria, is 
commonly noted, such studies are doubly important if we are to separate the 
pulmonary effects of these drugs from their psychic effects. 


I shall summarize our findings in these six cases and tell you about two of them 
in some detail. 


The woman who had generalized scleroderma had no measurable change in pulmonary 
function during three weeks of cortisone therapy. There was some gross change in the 
appearance of the skin, and a frank sense of well-being developed. 

The patient with Boeck’s sarcoid, after two and a half weeks of treatment with cortisone, 
has shown no definite and clearcut effect of therapy. 

The patient whose disease of the lung remained undiagnosed, but which is suspected of 
having been of granulomatous nature, gave perhaps the most dramatic response to therapy. In 
this woman dyspnea developed and in less than a year became disabling. A diffuse pulmonary 
lesion was found by roentgenogram, and a severe defect in transport of the oxygen from the 
alveolus to the arterial blood was demonstrated, so severe, in fact, that her oxyhemoglobin 
saturation at rest was only 70 per cent even when she breathed 30 per cent oxygen. She 
was given ACTH. Within two weeks she was nearly symptom-free; she could leave her bed 
and her oxygen tent; her resting saturation when she was breathing room air was 94 per cent. 
She has left the hospital and is being maintained with small injections of cortisone given three 
times a week in the outpatient department. 

One of the patients with granulomas containing foreign body giant cells and birefractive 
crystals has had no measurable effect from more than three weeks of cortisone therapy. 

The other patient with a histologically similar granulomatous lesion is a 17 year old boy who 
noted, during the two years preceding admission, increasing shortness of breath on exertion 
and clubbing of his fingers. We have questioned him and his family carefully and have not 
been able to find that he was exposed to any toxic substances. He was found to have abundant 
rales in both sides of the chest, lymphadenopathy in the supraclavicular and axillary lymph nodes 
and on one occasion a palpable spleen. 

Early in 1950 a roentgenogram showed a fine diffuse process involving both lungs, as well 
as enlarged hilar and mediastinal lymph nodes. Before treatment with cortisone was started, 
biopsies were made of an axillary lymph node and the anterior-inferior edge of the middle lobe 
of the right lung. The lesions in these two areas were histologically similar. The alveolar- 
capillary septums were seen to be thickened and involved by a granuloma which contained 
epithelioid cells, many foreign body giant cells and birefractive crystals. 

With cortisone therapy, his symptoms improved, and a roentgenogram showed definite but 
incomplete clearing of the diffuse infiltrations. Near the end of his course of cortisone therapy, a 
biopsy was made of the medial edge of the middle lobe of the right lung. A definite and marked 
change seemed to have taken place in the granulomatous process. The epithelioid cells were no 
longer present. The foreign body giant cells were still present and in about the same number, 


and the crystalline material was still present. A hyalin-like stroma was now apparent through- 
out the lesion. 


The cardiopulmonary studies were repeated late in the course of cortisone therapy. There 
was no significant change in the lung volumes. There was a slight improvement in the 
maximum breathing capacity. The ventilation at rest and after exercise decreased somewhat, 
and the oxygen saturation of the arterial blood after exercise rose from 89 per cent to 92 
per cent. The alveolar-arterial gradients were determined at rest, at two levels of inspired 


1. Cournand, A.; Riley, R. L.; Austrian, R.; Donald, K. W., and Himmelstein, A.: 
Studies of Pulmonary Circulation and Gas Exchange in Three Cases Following the Resolution 
of Various Diffuse Miliary Infiltrations of the Lungs, Tr. A. Am. Physicians 62:134, 1949. 
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oxygen, according to the method of Riley, Lilienthal and associates.2 Catheterization of the 
right side of the heart was performed simultaneously, and from these data the venous admixture, 
the physiological dead space and the oxygen-diffusing capacity were calculated.* These studies 
late in therapy showed an increase in the oxygen-diffusing capacity. The venous admixture 
was reduced from its pretreatment level, and this indicates, we believe, a decrease in the 
flow of pulmonary blood to areas where no oxygen is transferred and where a significant 
carbon dioxide gradient exists. It seems likely that this change is brought about by improving 
diffusion in some part of the lung rather than by any large change in pulmonary blood dis- 
tribution. The mild pulmonary artery hypertension which the patient had before treatment 


persisted after he had been given cortisone, and there was no change in the slightly elevated 
cardiac output. 


Three weeks after therapy had been stopped, the studies were repeated, and a return to the 
pretreatment level or lower was found in nearly every measurement. 

The only patient with beryllium poisoning whom we have treated thus far is a 39 year 
old man who was an electrician and who during the preceding five years removed and broke 
many fluorescent light bulbs. He did not know there was any hazard involved in this activity 
and took no precautions. He was known to have had an abnormal roentgenogram two years 
before he entered the hospital. His symptoms, however, developed only in the nine months 
before admission, and they developed quite rapidly and progressively. When admitted to the 
hospital he had severe, disabling dyspnea, abundant rales throughout both lungs, con- 
spicuously clubbed fingers and obvious tachypnea. A roentgenogram of the chest showed a fine 
nodular infiltration of both lung fields. Before being treated with cortisone this patient had 
decreased lung volumes, normal maximum breathing capacity, normal oxygen saturation of the 
arterial blood at rest but a fall in saturation to 75 per cent after exercise, large alveolar- 
arterial gradients, reduced oxygen-diffusing capacity and slightly elevated pulmonary artery 
blood pressure. While being treated with 100 mg. of cortisone a day he had no improvement in 
his symptoms. In fact, at times it seemed that he was in worse condition. After four weeks of 
therapy pulmonary function studies revealed no significant change. In fact, the values were 


even a little worse. He had larger alveolar-arterial gradients, both at the high and at the low 
level of oxygen. 


From our observations it seems that in some cases the course of pulmonary 
granulomatosis may be altered by cortisone. In one of four cases this change was 
manifest histologically in the disappearance of the epithelioid cells observed in the 
granulomas and physiologically in the improvement in the oxygen-diffusing capacity 
of the lung. We believe that in pulmonary granulomatosis after exposure to beryl- 
lium the primary physiological defect is an interference with the diffusion of oxygen 
and that physiological studies of the effect of therapy should include tests which 
measure this defect. 


2. Riley, R. L.; Proemmel, D. D., and Franke, R. E.: A Direct Method for Determi- 
nation of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. Chem. 161:621, 1945. Riley, 
R. L.; Lilienthal, J. L., Jr.; Proemmel, D. D., and Franke, R. E.: On the Determination of 
the Physiologically Effective Pressures of Oxygen and Carbon Dioxide in Alveolar Air, 
Am. J. Physiol. 147:191, 1946. Lilienthal, J. L., Jr.; Riley, R. L.; Proemmel, D. D., and 
Franke, R. E.: An Experimental Analysis in Man of the Oxygen Pressure Gradient from 
Alveolar Air to Arterial Blood During Rest and Exercise at Sea Level and at Altitude, ibid. 
147:199, 1946. 

3. Riley, R. L., and Cournand, A.: Analysis of Factors Affecting the Concentration of 
Oxygen and Carbon Dioxide in the Gas and Blood of the Lungs: I. Theory, J. Appl. 
Physiol., to be published. Riley, R. L.; Donald, K. W., and Cournand, A.: Analysis of 
Factors Affecting the Concentration of Oxygen and Carbon Dioxide in the Gas and Blood 
of the Lungs: II. Methods, ibid., to be published. 
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DISCUSSION 


Dr. Harry E. Tesrock, Flushing, N. Y.: Would Dr. McClement like to speculate as to why 
cortisone failed in his one case of chronic beryllium poisoning, and why we should expect ACTH 
to do a better job? My associates and I have seen over a dozen patients treated for berylliosis 
with cortisone, all of whom have shown some degree of improvement. We have had no failures ; 
that doesn’t mean we won't see them. We have certainly had no failures to the extent of that in 
Dr. McClement’s case. If he can speculate on that, I’d like to hear him do so. 

Dr. McCLemMent: We are on unfirm ground in speculating. The only reason we con- 
sidered using ACTH before this meeting was that most of the cases in published literature that 


have shown good effect, I think, have been the cases in which ACTH has been used rather than 
cortisone. 


Dr. Harriet L. Harpy, Boston: In other words, we are working empirically. 


Dr. STANLEY Wixson, Boston: Did you start with 100 mg. in that case, or did you start with 
a dose higher than that? 

Dr. McCLemMent: We started with 300 mg. and fairly quickly tapered down to 100. 

Dr. Wixson: We tried to start with 100 mg. in one case, and we got nowhere in a week. 
We increased it to 200, and with 200 began to get effect. Apparently in our experience, starting 
the dosage at 200 mg. and keeping it at 200 mg. for three, four or five days as seems indicated, 


then dropping it to 100 mg., we could get almost the same effect in every single patient that 
we treated. 


Dr. McCLeMENT: We gave our patient 300 mg. the first day, 200 mg. the second day, and 
100 mg. thereafter. 
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PULMONARY FUNCTION IN PATIENTS WITH PULMONARY DISEASE 
TREATED WITH ACTH 


B. G. FERRIS Jr., M.D. 

J. E. AFFELDT, M.D. 

H. A. KRIETE, A.B. 
AND 


J. L. WHITTENBERGER, M.D. 
BOSTON 


HE STRIKING therapeutic effectiveness of ACTH in many diseases, 

especially those involving granulation tissue and inflammatory reactions, sug- 
gested the desirability of evaluating its effects on several types of pulmonary disease. 
Since this study was initiated a number of other workers have reported the effects 
of ACTH therapy on pulmonary granulomatosis‘ and, other chronic pulmonary 
diseases.” 

The purpose of this report is to present data on pulmonary function as affected 
by single or multiple courses of ACTH or cortisone therapy in three patients with 
pulmonary granulomatosis of beryllium workers, in two patients with pulmonary 
fibrosis (apparently due to talc in one) and in one patient with emphysema due to 
chronic asthma.’ The diagnosis of beryllium intoxication was made on the basis 
of history of exposure, typical roentgenographic changes in the lungs, a history of 
chronic lung disease and the exclusion of other types of lung disease. 


From the Department of Physiology, Harvard School of Public Health. 

Read at a meeting sponsored by the Occupational Medical Clinic at the Massachusetts 
General Hospital, Boston, Dec. 13, 1950. 

This work was aided by a contract between the Medical Division, Chemical Corps, United 
States Army, and Harvard University, and by a grant from the National Institute of Health 
to Dr. Harriet L. Hardy, chief, Occupational Medical Clinic, Massachusetts General Hospital. 

1. (a) Kennedy, B. J.; Pare, J. A. P.; Pump, K. K., and Stanford, R. L.: The Effect of 
Adrenocorticotropic Hormone (ACTH) on Beryllium Granulomatosis, Canad. M. A. J. 62:426, 
1950. (b) Kennedy, B. J.; Pare, J. A. P.; Pump, K. K.; Beck, J. C.; Johnson, L. G.; Epstein, 
N. B.; Venning, E. H., and Browne, J. S. L.: Effect of Adrenocorticotropic Hormone (ACTH) 
on Beryllium Granulomatosis and Silicosis, Am. J. Med. 10:134, 1951. 

2. Thorn, G. W.; Forsham, P. H.; Frawley, T. F.; Hill, S. R., Jr.; Roche, M.; Staehelin, 
D., and Wilson, D. L.: The Clinical Usefulness of ACTH and Cortisone, New England J. Med. 
242:783, 1950. West, J. R.; McClement, J. H.; Carroll, D.; Bliss, H. A.; Kuschner, M.; 
Richards, D. W., Jr., and Cournand, A.: Effects of Cortisone and ACTH in Cases of 
Chronic Pulmonary Disease with Impairment of Alveolar-Capillary Diffusion, Am. J. Med. 
10:156, 1951. Galdston, M.:; Weisenfeld, S.; Benjamin, B., and Rosenbluth, M. B.: Effect 
of ACTH in Chronic Lung Disease: A Study of 5 Patients, ibid. 10:166, 1951. Herschfus, 
J. A.; Levinson, L., and Segal, M.: ACTH Therapy in Bronchial Asthma: Histamine and 
Methacholine Tolerance in the Acute Experiment and During Prolonged Treatment, Bull. New 
England M. Center 12:139, 1950. 

3. Five patients were hospitalized at the Peter Bent Brigham Hospital, and were studied 
through the courtesy of Dr. George W. Thorn. 
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METHODS 


Pulmonary compartment studies were done with the patient sitting and using a modified 
Benedict-Roth apparatus. The residual volume was measured by a helium dilution method.4 
The maximum breathing capacity was measured in the modified Benedict-Roth apparatus for 
a 15-second period. In both the maximum breathing capacity and the vital capacity measure- 
ments, the largest values obtained were used if successive trials showed no further increment or 
evidence of learning. Usually three trials were sufficient. All gas volumes have been cor- 
rected to body temperature and pressure conditions, saturated with water vapor at body 
temperature, 37 C. (98.6 F.) (BTPS). 

Standard values for the vital capacity were obtained by using the regression equation of 
Baldwin, Cournand and Richards.5 The expected residual volume was calculated for each 
individual, with an attempt to correct for age by using Robinson's ® data. The two standard 
deviation ranges obtained by Robinson for the residual volume and the total capacity were 
accepted as the range of normal values. 

Expected maximum breathing capacity values were determined from the regression equation 
of Baldwin, and associates.5 A range of normal variation of expected values was estimated 
from the data of Gray and associates,’ although their observations were made on healthy young 
males and females rather than on a hospitalized group. Their values had a standard deviation 
+13 per cent for males and + 18 per cent for females. Assuming a similar variability in the 
data of Baldwin and associates, we have arbitrarily used 26 per cent of the predicted value (two 
standard deviations) as an estimated range of normalcy. 

Arterial blood was obtained from a radial artery after 2 per cent procaine hydrochloride 
infiltration. Arterial blood oxygen and carbon dioxide partial pressures (pOz and pCOsz) 
were determined in duplicate by the microbubble method of Riley, Proemmel and Franke.‘ 
Arterial serum and whole blood CO: contents and arterial blood Oz content and capacity were 
measured by the manometric method of Van Slyke and Neill.” The arterial blood pH was 
calculated from pCO, and serum COs by the Henderson-Hasselbach equation. Expirec air was 
obtained synchronously with the arterial blood sample after a one to two-minute washout of the 
collecting system. The mean alveolar oxygen partial pressure (pOz) was calculated by the 
alveolar equation, and the alveolar-arterial oxygen partial pressure difference was obtained by 
subtracting the determined arterial pO: from the calculated mean alveolar pOs. 

The endocrinologic effectiveness of ACTH was measured by the fall in eosinophil concen- 
tration in all instances, and by the rise in 17-ketosteroids excretion in most of the cases studied.1° 


RESULTS 


Case 1 (F. F., P. B. B. H. no OE-649).—Thirty-seven years before this 53 year old 
patient was admitted to the Peter Bent Brigham Hospital she had pneumonia complicated with 


pleural effusion. Recovery was allegedly complete, and no further pulmonary symptoms 


4. Gilson, J. C., and Hugh-Jones, P.: The Measurement of the Total Lung Volume and 
Breathing Capacity, Clin. Sc. 7:185, 1949. 

5. Baldwin, E. De F.; Cournand, A., and Richards, D. W., Jr.: Pulmonary Insufficiency : 
I. Physiological Classification, Clinical Methods of Analysis, Standard Values in Normal 
Subjects, Medicine 27:243, 1948. 

6. Robinson, S.: Experimental Studies of Physical Fitness in Relation to Age, Arbeits- 
physiologie 10:251, 1938. 

7. Gray, J. S.; Barnum, D. R.; Matheson, H. W., and Spies, S. N.: 
Tests: I. Voluntary Ventilation Capacity, J. Clin. Invest. 29:677, 1950. 

8. Riley, R. L.; Proemmel, D. D., and Franke, R. F.: A Direct Method for Determination 
of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. Chem. 161:621, 1945. 

9. Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in Blood and Other 
Solutions by Vacuum Extraction and Manometric Measurement, J. Biol. Chem. 61:523, 1924. 

10. Metabolic and endocrine observations on patients at the Peter Bent Brigham Hospital 
were made by members of Dr. Thorn’s staff (Drs. T. F. Frawley, D. L. Wilson, and P. H. 


Forsham). Similar observations on patient L. H. were made by Dr. Fuller Albright’s laboratory 
at the Massachusetts General Hospital. 
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occurred until eight years before admission when a diagnosis of bronchiectasis was made. After 
that she had persistent dyspnea and tachycardia. Two years before admission cyanosis and 
finger clubbing were noted. Eighteen months before her first admission she began to use an 
oxygen tent at night and oxygen by mask intermittently during the day. She was admitted 
from June 13 to 27, 1950 for study, and was readmitted on September 20. A diagnosis of 
pulmonary fibrosis of unknown cause was made, after a careful but unavailing search for 
tuberculosis and other specific causes. 

Physical findings at the second admission included a blood pressure of 150/80; pulse and 
respiratory rates were excessively accelerated with slight exertion. The patient was grossly 
cyanotic, dyspneic and orthopneic, and there was marked clubbing of the fingers. Retinal 
examination showed dilated and tortuous veins. Chest examination revealed generalized coarse 
crackling rales on inspiration and expiration, with only fair costal margin excursions. The 
second heart sound (P:) was accentuated. There was no peripheral edema. 


F.F.9 AGED 53, PULMONARY FIBROSIS TREATED 
WITH ACTH 
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T. NOV. J 
6 3 NORM. 
101 104 64 
ACTH 27SEPT.~ 19 OCT.- 80 MG/DAY 
ORTISONE 10 OCT.~ 16 OCT. MG/DAY 


Chart 1 (case 1).—The patient's pulmonary volume subdivisions and maximum breathing 
capacity (M.B.C.) are shown in relation to her treatment with ACTH and cortisone. The 
last column on the right indicates by broken lines (----) the limits of normal for the residual 
volume and the total lung capacity (mean + 2 standard deviations). BTPS is explained in 
the text under “methods.” 


A chest roentgenogram during the second admission showed some increase in the markings 
consistent with a progression of the disease. During the course of therapy, lung markings 
showed slight improvement. A chest roentgenogram on October 14 showed cardiac enlargement 
with a prominent pulmonary artery. Electrocardiograms showed inverted T waves in V; 
and V: which had not been present before. The rate was 86 per minute with a PR interval of 
0.16 second and a QRS of 0.08 second. 
myocardial changes in the right ventricle. 


Pulmonary function studies (chart 1 and table 1) on September 26, as compared with 
June 19, showed a questionably significant change in residual volume and no change in vital 
capacity. Her maximum breathing capacity had diminished from 88 to 70 L. per minute. 


These findings were interpreted as consistent with 
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Arterial blood examination (table 1) showed a fall in pO. and Os: saturation, and an increase in 
the alveolar-arterial oxygen pressure difference. Chloramphenicol (chloromycetin®) was started 
on September 19 because of an infection of the upper respiratory tract, and ACTH therapy was 
started on September 27 (table 1). Subsequent measurements of lung function showed a rather 
marked increase in maximum breathing and a slight increase in vital capacity. Exercise 
tolerance improved, and the patient no longer required intermittent oxygen therapy. However, 
she still had visible cyanosis. 

Cortisone was administered in the period between October 6 and 18 but apparently produced 
little additional improvement. 

The eosinophil count showed a good fall, and 17-ketosteroids excretion was significantly 
increased, indicating adrenal stimulation by ACTH (table 1). 


TABLE 1 (case 1).—Results of Studies of Pulmonary Function 


Patient “ F., woman Weight, 65.2 Kg. Diagnosis: Pulmonary 
Age, 53 y Body surface area, 1.82 M.2 fibrosis—cause unknown 
Height, 8 em. All respiratory volumes, BTPS * 


June 19, Sept.26, Oct.6, Oct.18, Nov. 3, 
1950 1950 1950 1950 1950 
Residual volume total volume, 504 40.6 40.0 41.6 36.5 
Maximum breathing capacity, 88 70 101 115 104 
Expected maximum breathing capacity, L./min............ 83 83 Ss M foo 


4 Alveolar-arterial difference, mm. Hg............csseeeeeeeees 48 67 7 7 72 
4 7.35 7.34 7.42 7.51 7.43 
Arterial blood CO2z 44.56 44.62 42.96 44.31 40.00 
Arterial blood O2 content, VO]. %.........ceceeeeeeceeeeenes 19.65 16.89 19.48 19.95 19.85 
Arterial blood Os capacity, Vol. %.....ccccccccscccvccsceecs 24.86 24.18 24.39 22.92 24.00 
Arterial blood O2 saturation, 7 69 79 86 82 


Therapy: ACTH 9/2 meg. cortisone 10/10/50-10/17/50—100 mg./day. 


Eosinophil count: 176-11/mm.% 
, 17-Ketosteroids excretion: 9.7-22 mg./24 h 
4 * The significance of BTPS is explained in the text under the heading ‘‘Methods.” 
q H Case 2 (N. A., P.B.B.H. No. 6B-475).—Fifteen years before admission this 16 year old boy 
4 4 had an eczema which persisted for four years before it subsided, and he began to have bouts 
e . . . . . 
q of coughing and wheezing associated with insomnia and asthenia. Two months before admission 
: nocturnal orthopnea developed with persistent asthma which failed to respond to 1: 100 epine- j 
. . . . P 
4 phrine hydrochloride inhalation. Essential physical findings at admission on March 6, 1950 
; were a respiratory rate of 25 and a barrel-shaped chest with many inspiratory and expiratory q 


wheezes, squeaks and groans. He was moderately dyspneic without cyanosis. Following control 
observations, a brief course of ACTH therapy was given. 

Charts 2 and 3 describe the pulmonary compartments and vital capacity, and show the 
temporary increase in residual volume, during an asthmatic attack; the effects of epinephrine on 
the vital capacity and maximum breathing capacity are also demonstrated. The third column 
of chart 2 shows the improvement due to ACTH, manifested by reduction in the residual 
volume and increase in the vital capacity. One week after cessation of ACTH therapy the 


f, 


4 
59.5 59.5 55.6 

4 

4 


FERRIS ET AL—DATA ON PULMONARY FUNCTION 607 


asthma showed signs of returning to its pretreatment status (chart 2, column 4). The 
maximum breathing capacity showed the same sequence—a fall during the asthmatic attack, a 
rise after ACTH (but not to normal), and a fall within one week after cessation of therapy. 
Chart 3A represents the changes in vital capacity and expiratory air velocity. The improve- 
ment following epinephrine (adrenalin®) during his asthmatic attack is apparent, as is the 
marked improvement following ACTH therapy. The expiratory tracing of March 22 (chart 
3 A) demonstrates regression. 

The eosinophil count showed fairly good fall under ACTH therapy, but the 17-ketosteroids 
excretion remained unchanged. 


16, ASTHMA 
RE 


TO ACTH & 


WK C_ 


WK 


TOTAL LUNG CAPACITY IN LITERS (BTPS) 


NW A 


5 
ASTHMA ATTACK 
MBC. 18 10 79 


L./min. 
(BTPs) ACTH MAR.II- 55MG. 
MAR.12-16 -40 MG/DAY 


Chart 2 (case 2).—The patient’s pulmonary volume subdivisions and maximum breathing 
capacity in relation to his treatment with ACTH. See chart 1 for key to the subdivisions. The 
last column on the right indicates by broken lines (----) the limits of normal for the 
residual volume and the total lung capacity. Columns 1 and 2 are the subdivisions before 
and during an acute attack of asthma which happened to develop during the study. Adrenal 
response: The eosinophil count fell from 980 to 288/mm.%; the 17-ketosteroids excretion was 
4.8 mg./24 hr. 


Case 3 (E. R., P.B.B.H. No. 4B-527).—This 40 year old man was a shoe cutter, and for a 
six year period before 1942 was exposed to inhalation of talcum powder. He had no previous 
exposure to dusts nor any history of pulmonary disease. Eight years before admission a pro- 
gressive cough and dyspnea developed. 

Cardiac catheterization in 1948 showed pulmonary hypertension. Vital capacity and 
maximum breathing capacity at that time were lower than expected. Between this period and 
the next admission, in March 1950 right heart failure developed, which responded to digitalis, 
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ammonium chloride and mercurial diuretics. Reexamination in April showed little change 
in vital capacity but there was a further reduction in maximum breathing capacity (chart 4). 
The residual volume was greater than expected. ACTH was given, with an excellent endo- 
crinologic response, as indicated by a fall in eosinophil count and a rise in 17-ketosteroids 


MA.,MALE, AGED I6-ASTHMA TREATED WITH ACTH ~ EFFECT ON VITAL CAPACITY 


A 


AND RESPIRATORY AIR VELOCITY 


TT 


MIN. AFTER 
ADRENALIN, S.C. 


12 SECONDS* 
8 MARCH 1950 ACTH 16 MARCH 1950 
IIMARCH~ 55 MG. 
12-IGMARCH~ 40 MG./DAY 


2MIN. _7MIN. 
AFTER ADRENALIN, 


8 MARCH MARCH 1950 22MARCH 1950 


MARCH ~ 55MG. 
12-1IGMARCH~ 40MG./DAY 


Chart 3 (case 2).—A, spirogram of the patient made during an acute attack of asthma, 
which was treated with epinephrine hydrochloride, injected subcutaneously, and another study 
made during and after ACTH therapy. Read the individual tracing from right to left with 
inspiration up and expiration down. 


B, maximum ventilatory capacity measurements made at the same intervals of time as 
those in A. 


excretion (table 2). However, there was virtually no change in vital capacity or maximum 
breathing capacity. There was a questionably significant fall in residual volume. Examination 
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E.R.f, AGED 40, PNEUMOCONIOSIS (TALC) 
TREATED WITH ACTH 


? 


? 


8 


TOTAL LUNG CAPACITY IN LITERS (BTPS) 


SMAY 'SO ~ IGMAY ‘SO ~ 40 MG./DAY 


Chart 4 (case 3).—The patient’s pulmonary volume subdivisions and maximum breathing 
capacity before and during ACTH therapy. See chart 1 for key to the subdivision. The 
residual volume was not measured on March 9, 1948. The last column to the right indicates 
by broken line (- - - -) the limits of normal for the residual volume and the total lung capacity. 


TABLE 2 (case 3)—Results of Studies of Pulmonary Function 


Patient E. R., man Weight, 64.8 Kg. Diagnosis: Pulmonary 
Age, 42 yr. Body surface area, 1.75 M.2 fibrosis with tale 
Height, 170 em. All respiratory volumes, BTPS exposure 


March 9, April 28, May 15, 
1948 1950 1950 


Minute volume, L./min 7.36 
Respiratory rate, resp./min 

Tidal volume, L 

Inspiratory reserve volume, L 
Expiratory reserve volume, L 

Vital capacity, L 

Expected vital capacity, L 

Residual volume, L 

Residual volume + total volume, % 
Alveolar ventilation, L./min 

Respiratory dead space, L 

Maximum breathing capacity, L./min 
Expected maximum breathing capacity, L 
Total capacity, L 


Alveolar pOe, mm. Hg 

Arterial pOe, mm. Hg... 

Arterial pCOz, mm. Hg 
Alveolar-arterial difference, mm. Hg 
Serum COs, vol. % 


Arterial blood COz content, vol. % 
Arterial blood O2 content, vol. % 
Arterial blood O2 capacity, vol. 
Arterial blood O2 saturation, % 


Therapy: ACTH 5/5/50—55 mg./day; 5/6/50-5/18/50—40 mg./day. 
Eosinophil count: 214-0/mm.* 
17-Ketosteroids excretion: 7.9-28.7 mg./24 hr. 
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of arterial blood (table 2) showed an appreciable increase in oxygen partial pressure and 
oxygen saturation and a slight fall in alveolar-arterial oxygen difference. 

Two months after the course of ACTH treatment the patient was readmitted and died 
within 24 hours, apparently of rapidly progressive heart failure. Postmortem examination 
revealed extensive and severe fibrotic changes in the lungs, with emphysematous blebs. In 


TasLe 3 (case 4).—Data Concerning Pulmonary Function of Patient L. H. as Studied by 
Bruce and Associates}? in 1948 


Vital capacity, L 

Residual volume, L 
Respiratory dead space, L. 
Alveolar ventilation, L./min 
Arterial pOe, mm. Hg 
Arterial pCOe, mm. Hg 
Alveolar-arterial difference 


TasBLe 4 (case 4).—Results of Studies of Pulmonary Function 


Patient L. H., man Weight, 62.2 Kg. Diagnosis: Pulmonary 
Age, 28 yr. Body surface area, 1.74 M.2 granulomatosis of 
Height, 173 em. All respiratory volumes, BTPS beryllium worker 


Aug. 23, Sept. 6, Jan. 22, Mareh 5, 

1950 1950 1951 1951 

Minute volume, L./min 12 15.40 10.35 

Respiratory rate, resp./min.. 3 5 

Tidal volume, L . 0.67 

Inspiratory reserve volume, L 

Expiratory reserve volume, L 

Vital capacity, L 

Expected vital capacity, L... 

Residual volume, L 

Residual volume + total volume, % 

Alveolar ventilation, L./min 

Respiratory dead space, L 

Maximum breathing capacity, L./min 

Expected maximum breathing capacity, L./min 

Total capacity, L. 


Arterial blood COe2 content, vol. % 

Arterial blood O2 content, vol. % 21.10 
Arterial blood Oz capacity, vol. “% 21.43 


I, Therapy: ACTH 8/25/50—25 mg./day: 8/26/50-9/4/50—100 mg./day; 9/5/50—50 mg./day. 
Eosinophil count: 0-17/mm.* 

II. Therapy: ACTH 2/16/51-2/27/51—100 mg./day. 

Eosinophil count: 162/mm.* before ACTH; 0/mm.° during ACTH. 

17-Ketosteroids excretion: 3.9-6.3 mg./24 hr. 


some areas the only recognizable tissue was bronchial or bronchiolar epithelium, the alveoli and 
alveolar septums having been completely replaced by fibrotic tissue. There were atheromatous 
plaques in the pulmonary artery. The myocardium showed peculiar granulomatous changes 
with giant cells, lymphocytes, monocytes and fibrous tissue. The lesion was sarcoid-like but 
was not typical of sarcoid. 


11. Reported through the courtesy of the Department of Pathology, Peter Bent Brigham 
Hospital. 


Mean pulmonary artery pressure, mm. Hg...........-....++e005 23.5 
66 72 80 86 
Alveolar-arterial difference, mm. 49 48 42 
- 4 42.04 
21.42 : 
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Case 4 (L. H., M.G.H. No. 549407).—This 28 year old patient worked as a clerk (1940- 
1943) in a fluorescent light company, where he was only slightly exposed to the “powders.” In 
October 1946 a chest roentgenogram revealed no abnormality, but in July 1947 a roentgenogram 
showed fine granularity. Further roentgenograms showed persistence of the granularity, and 
cough and exertional dyspnea developed. 

He was admitted to the Massachusetts General Hospital on Sept. 15, 1947, where his vital 
capacity was reported as 4 L. and a roentgenogram showed progression of the granularity of 
the lung fields. A tentative diagnosis of beryllium intoxication was made. 

In 1948 this patient was studied by Bruce and co-workers.12. The pertinent data from this 
report are presented in table 3 for comparison with the present information. 

The patient was also studied in Montreal, Canada, where he received a course of ACTH 
therapy starting on Jan. 21, 1950 (100 mg. a day for 21 days). Within two to three days after 
the start of this treatment he felt much improved and dyspnea was less.1# 


AGED 28, BERYLLIUM POISONING 
TREATED WITH ACTH 
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26 AUG.~4 SEPT.’ 39 = 
5SEPT.'50 5OMG. 
16FEB.-27FEB.'51 100MG/DAY 
Chart 5 (case 4).—The patient’s pulmonary volume subdivisions and maximum breathing 
capacity before and after two separate courses of ACTH therapy. See chart 1 for key to the 
subdivisions. The last column to the right indicates by broken lines (----) the limits of 
normal for the residual volume and the total lung capacity. 


When admitted to the Massachusetts General Hospital for the third time, on Aug. 22, 
1950, he still showed slight improvement over his condition at the previous admission, but he 
was cyanotic and had clubbed fingers, as well as coarse rales over the periphery of both 
lung fields. 

Subsequent to August 1950 the patient received two courses of ACTH therapy, making 
a total of three. Pulmonary function was studied before and after each of the last two courses 
(table 4). 


12. Bruce, R. A.; Lovejoy, F. W., Jr.; Yu, P. N. G.; Pearson, R., and McDowell, M.: 
Further Observations on the Pathological Physiology of Chronic Pulmonary Granulomatosis 
Associated with Beryllium Workers, Am. Rev. Tuberc. 62:29, 1950. 
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Pulmonary volume and ventilation measurements (chart 5) showed no significant change, 
but the blood studies demonstrated a rather striking improvement, which occurred gradually 
over the seven month period. The alveolar-arterial oxygen partial pressure difference decreased 
from 49 to 24 mm. Hg, which was still 10 mm. or more above normal. The arterial pO: 
rose from 66 to 86 mm. Hg, which corresponded to an increase of arterial Oz saturation from 
91.2 per cent to 94 per cent. The patient was clinically much improved and had less exertional 
dyspnea. 

The subjective and objective improvement was definite despite the fact that the 17-keto- 
steroids excretion suggested a poor adrenal response to the ACTH. The explanation for this 
observation is not apparent. 

Case 5 (H. A., P.B.B.H. No. 6B-738).—This 39 year old patient worked as an electrical 
engineer in a fluorescent light factory for eight years prior to the onset of illness, and was 
exposed to beryllium during this period. 


HAd,AGED 39, BERYLLIUM POISONING 
TREATED WITH ACTH 
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Chart 6 (case 5).—The patient’s pulmonary volume subdivisions and maximum breathing 
capacity before and during ACTH therapy. See chart 1 for key to the subdivisions. The 
last column to the right indicates by broken lines (--- ) the limits of normal for the residual 
volume and the total lung capacity. 


Four and one-half years before he was admitted to Peter Bent Brigham Hospital, cough and 
dyspnea developed, were gradually progressive, and were accompanied by a loss of 30 Ib. (13.5 
Kg.) in weight. Several months later his pulmonary function was extensively studied at 
Trudeau Sanatorium, Saranac Lake, N. Y., by Wright, and associates.1% 


13. Wright, G. W.; Filley, G. G.; Proemmel, D.; Frank, P.; Place, R., and Grinell, R.: 
Observations Concerning the Pathological Physiology Underlying Exertional Dyspnea in the 
Disease “Granulomatosis Occurring in Beryllium Workers”: Symposium on Military 
Physiology, Digest Series No. 4, GE 61/1, The National Military Establishment, Research and 
Development Board, Dec. 4-6, 1947, p. 135. 
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Two years before admission the patient became more dyspneic, and edema of the ankles 
developed. Four months later he suffered a spontaneous pneumothorax and signs and symptoms 
of acute right heart failure, which was treated with digitalis, ammonium chloride and mercurials. 
Electrocardiograms showed right axis deviation and right heart strain. After this episode he 
took meperidine hydrochloride (demerol® hydrochloride) regularly and oxygen by nose 
continuously. 

On admission, the patient was dyspneic and apparently unable to be without nasal oxygen. 
His color was good on nasal oxygen. 

After a control period, ACTH treatment was started. Total pulmonary capacity was 
large and not significantly altered by ACTH therapy (chart 6). Residual volume decreased. 
This probably was due to increased expiratory reserve volume, which showed relatively the 


TasLe 5 (case 5).—Results of Studies of Pulmonary Function 


Patient H. A., man Weight, 56.0 Kg. Diagnosis: Pulmonary 
Age, 39 yr. Body surface area, 1.70 M.2 granulomatosis of 
Height, 176 em. All respiratory volumes, BTPS beryllium worker 


May 9, May16, May 29, June 15, 
1950 1950 1950 1950 

Minute volume, L./min 13.8 16.9 

Respiratory rate, resp./min bated 16 

Tidal volume, L 6 . . 1.05 

Inspiratory reserve volume, L .73 0.75 

Expiratory reserve volume, L 25 1.13 

Vital capacity, L 2: 2.93 

Expected vital capacity, L i 3.93 

Residual volume, 5.68 4.49 

Residual volume + total volume, % 60.5 

Alveolar ventilation, L./min 

Respiratory dead space, L 

Maximum breathing capacity, L./min 

Expected maximum breathing capacity, 

Total capacity, L 


Alveolar pOz, mm. Hg.. 

Arterial mm. Hg.... 

Arterial pCOe, mm. Hg 
Alveolar-arterial difference, mm. Hg 
Serum COz, vol. % 


Arterial blood Oz content, vol. %... 
Arterial blood O2 eapacity, vol. %.. 
Arterial blood Oz saturation, % 


Therapy: ACTH 5/2/50-6/17/50—25-160 mg./day; patient discharged and maintained on dosage of 60 
meg./day. 

Eosinophil eount: 520-75/mm.* 

17-Ketosteroids exeretion: 12.9-35.1-6.1 mg./24 hr. 

* The patient was off nasal oxygen one minute. 


greatest change. Maximum breathing capacity increased sharply but never reached the 
expected normal value. 

Arterial blood studies showed a questionable decrease in alveolar-arterial oxygen pressure 
difference (table 5). He was able to do without nasal oxygen by day but used it at night. 
Serial roentgenograms of his chest showed only slight improvement. The fall of the eosinophil 
count and the increase of 17-ketosteroids excretion (table 5) indicated excellent adrenal 
stimulation. 

Case 6 (M. R. B., P.B.B.H. No. 6B-568, admitted March 27, 1950).—This 33 year old 
patient operated an exhaust machine for fluorescent lights for two years (1942-1944). During 
this period she was exposed to air contaminated with dust from broken lights. She returned to 
work in the same plant for a six-month period in 1946. Two and one-half years before she 
was admitted to Peter Bent Brigham Hospital, exertional dyspnea, and shortly thereafter 
substernal pain, developed. A chest roentgenogram was reported as showing no abnormality. 
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One and one-half years later, following persistent cough, loss of weight, fever and exertional 
dyspnea, a diagnosis of beryllium intoxication was made on the basis of chest roentgenograms 
which showed the characteristic granular apearance in the lung fields. The above symptoms 
persisted until admission. On admission the only pertinent abnormality was dyspnea on 
moderate exertion. There was no visible cyanosis. 

Studies of lung function before therapy showed an exceptionally large total capacity, of 
which the vital capacity fraction was much less than normal (chart 7). Her maximum 
breathing capacity was lower than expected. During the first course of ACTH therapy frank 
clearing of the lungs was demonstrated by roentgenogram; vital capacity increased slightly. 
Maximum breathing capacity showed a persistent fall throughout this period. The most 
significant change was in the alveolar-arterial oxygen partial pressure difference (table 6). 
This value fell from 28 mm. Hg to 10 mm. Hg (normal) and remained at this level for several 


M.R.B. 3, AGED 33, BERYLLIUM POISONING 
TREATED WITH ACTH 
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Chart 7 (case 6).—The patient’s pulmonary volume subdivisions and maximum breathing 
capacity before, during and after two separate courses of ACTH therapy. See chart 1 for 
key to the subdivisions. The last column to the right indicates by broken lines (- ---) 
the limits of normal for the residual volume and the total lung capacity. 


weeks. An excellent adrenal response was indicated by the fall of the eosinophil count and 
the increase of the 17-ketosteroids excretion during this course of therapy (table 6). 

In June 1950 there was a second period of ACTH therapy. Again there was a good 
eosinophil response but no increase in 17-ketosteroids excretion. Studies of lung function 
showed a continuous regression to the original pretreatment levels, and the maximum breath- 
ing capacity continued to fall. Arterial blood gas measurements at the start of this period 
yielded values similar to those at the start of the first period of therapy. 

Throughout this time there were no significant changes in the electrocardiogram. How- 


ever, on May 10, 1950 the pulmonary artery was reported to be slightly prominent by 
roentgenogram. 
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TABLE 6 (case 6).—Results of Studies of Pulmonary Function 


Patient M. R. B., woman Weight, 58.0 Kg. Diagnosis: Pulmonary 
e, yr. Body surface area, 1.70 M.* granulomatosis of 
Height, 174 em. All respiratory volumes, BTPS beryllium worker 


March 29, April12, April24, May10, June13, June 23, 
1950 1950 1950 1950 1950 1950 


Minute volume, L./min 8.00 12.20 
Respiratory rate, resp./min Maal 16 f 19 
Tidal volume, L 46 0.50 0.64 
Inspiratory reserve volume, L. 75 1.07 
Expiratory reserve volume, L. 

Vital capacity, L 

Expected vital capacity, L... 

Residual volume, L 

Residual volume + total volume, % 

Alveolar ventilation, L./min 

Respiratory dead space, L. 

Maximum breathing capacity, L./min 

Expected maximum breathing capacity, L./min. 

Total capacity, L 


Alveolar pOs, mm. Hg 

Arterial mm. 

Arterial pCOs, mm. Hg 

Alveolar-arterial difference, mm. Hg 

Serum vol. % 

pH 

Arterial blood COs content, vol. % 

Arterial blood Oz content, vol. 

Arterial blood Oe eapacity, vol. % 

Arterial blood Oe saturation, %... 95.0 


Therapy: ACTH 4/5/50-4/24/50, 6/14/50-6/23/50—25-80 mg./day. 
Eosinophil count: Previous test dosage showed a 69 per cent fall. April, 9-32/mm.*; June, 167-58/mm.* 
17-Ketosteroids excretion: April, 3.6-15.1 mg./24 br.; June, 4.2-2.1 mg./24 hr. 


COMMENT 


The three cases of beryllium granulomatosis were similar to those studied else- 
where in some respects and quite different in others. In all three cases the alveolar- 
arterial pO, difference was elevated; two patients hyperventilated at rest, whereas 
the third had had continuous oxygen therapy for a prolonged period and left off 
taking oxygen only for the period of the test. Two of the three had strikingly large 
lung capacity in spite of the reduction in vital capacity. Even though these patients 
must have had originally exceptionally large lung capacities, it is surprising that 
in the presence of extensive disease their lung capacities should be two standard 
deviations above the normal average. The third patient, who had a moderately 
reduced lung capacity, had a somewhat better maximum breathing capacity than 
the other two. 

ACTH produced improvement of varying degree and duration in all three 
patients. The most important change was the reduction of the alveolar-arterial 
difference in oxygen partial pressure; this improvement was progressive and sus- 
tained in patient L. H., was only temporary in patient M. R. B. and was questionable 
in patient H. A. The mechanism involved in the change, whether a diminution of 
a barrier to diffusion, an improved distribution of ventilation, or possibly other 
factors, is unknown. There was no significant change in lung volume subdivisions 
except in patient H. A., in whom residual volume was notably diminished; this 
improvement was temporary, however. Ventilatory ability, as measured by the 
maximum breathing capacity, was improved in H. A., not consistently altered in 
L. H. and continuously reduced in M. R. B. 
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In addition to the objectively measurable effects of ACTH therapy was the 
subjective improvement noted in all patients and the marked increase in their 
tolerance of exercise, particularly in the ambulatory patients, M. R. B. and L. H. 
In general the increased sense of well-being was related to objective improvement 
in lung function, although this was not always the case. 

In patients with long-standing pulmonary fibrosis (patients F. F. and E. R.) 
the results were equivocal. Patient F. F. showed marked subjective improvement 
and considerable rise in maximum breathing capacity but only questionably signi- 
ficant changes in pulmonary volume components. Although the abnormally elevated 
alveolar-arterial oxygen pressure difference remained unchanged in F. F., the 
arterial oxygen saturation increased because of improved ventilatory capacity and 
the consequent rise in mean alveolar oxygen partial pressure. How much the 
antibiotics with which this patient was treated affected her improvement was hard 
to evaluate, but they may have been a factor. The fall of the eosinophil count and 
the rise of 17-ketosteroids excretion are evidence of an excellent adrenal response. 
This patient initially had a level of oxygen saturation which greatly handicaps 
proper cardiac function; the small increase in oxygen saturation may have been 
sufficient to improve cardiac function, resulting in secondary general improvement. 
The lack of response to ACTH in patient E. R. is not surprising in view of the 
extent and the duration of the pathologic changes revealed at autopsy. 

The temporary improvement in the patient with chronic asthma and emphysema 
was consistent with the experience of others. It is probably to be explained by a 
reduction of bronchiolar resistance to air flow, since the timed vital capacity and 
maximum breathing capacity showed far more change than the lung volume com- 
partments. An interesting side light on the disease was provided by the opportunity 
to measure residual volume just before and during an acute attack of asthma. 


SUMMARY 


Six patients with pulmonary disease were studied before, during and after 
ACTH therapy. Three patients had pulmonary granulomatosis associated with 
beryllium exposure. Two patients had pulmonary fibrosis; one had been exposed 
to tale in the shoe industry ; the cause of the other’s condition was unknown. One 
patient had chronic asthma and emphysema. 

The studies of respiratory function included (1) measurements of lung volume 
subdivisions and of ventilation, i. e., of maximum breathing capacity, minute volume, 
tidal volume, dead space volume and alveolar ventilation, (2) blood gas analyses, 
including determination of arterial oxygen and carbon dioxide partial pressures, 
and (3) determination of the composition of expired gas for calculation of the 
alveolar-arterial oxygen partial pressure difference. 

It was found that (1) ACTH was temporarily beneficial in the case of asthma; 
(2) ACTH was not beneficial in one case of pulmonary fibrosis except for a 
temporary sense of well-being; in the other case the objective improvement could 
have been due to other factors; (3) ACTH was beneficial in each of the three cases 
of beryllium intoxication. Two of the patients treated for effects of beryllium 
showed regression of their disease after therapy, and the remaining one showed 
continued improvement. 


55 Shattuck Street. 


F 
« 
id 
3 
x4 
i | 
4 \ 
4 


INTERPRETATION OF RESULTS OF ACTH AND CORTISONE THERAPY 
IN CHRONIC BERYLLIUM POISONING 
Data Obtained by Pretherapy and Post-Therapy Studies of Pulmonary Function 


GEORGE W. WRIGHT, M.D. 
TRUDEAU, N. Y. 


HE CASE reports presented this morning and especially those which you 

have just listened to indicate that we are dealing with a group of individuals 
each of whom has a pulmonary disease characterized by clinical, physiologic and 
roentgen manifestations that are common to the entire group. There is some ques- 
tion in my own mind, however, as to whether or not these cases have a common 
cause. The only time that I feel reasonably certain of the diagnosis of pulmonary 
granulomatosis of beryllium workers is when the patient is typical in all clinical 
respects and in addition comes from an area in which the disease is known to have 
been produced in others. The considerable variation of the physiologic data of 
Dr. Ferris’ cases and the fact that Dr. McClement’s last patient did not respond at 
all to ACTH, whereas the others whose cases have been reported today showed a 
trend toward improvement, poses the question whether or not all the cases reported 
today are really cases of pulmonary granulomatosis. This question must be kept 
in mind when one attempts to evaluate the effects of cortisone or ACTH in the dis- 
ease we are discussing today. 

If you can bear with me, I should like to describe one more case, because it 
complements and extends some of the data that have been presented by the other 
speakers. The case is that of a 31 year old white woman who, it is considered, 
presents a genuine example of pulmonary granulomatosis since she has all of the 
common evidences of the disease and comes from an exposure known to have 
produced other cases proved to be instances of granulomatosis due to beryllium. 
She was given cortisone as shown in the data at the bottom of each of the graphs 
(figs. 1, 2, 3 and 4). Her chest roentgenograms, shown in figures 5 and 6, were 
typical, and, as can readily be seen, a distinct diminution of the abnormal shadows 
occurred under administration of cortisone. The pertinent data are given in figures 
1, 2, 3 and 4. These may be summarized as demonstrating that the following 
changes occurred during treatment: (1) hemodilution; (2) gain of weight; (3) an 
increase of maximum breathing capacity that did not persist; (4) a slight increase 
of total lung volume; (5) elevation of arterial blood oxygen partial pressure (pO, ) 
and reduction of alveolar-arterial O, difference ; (6) increase in the degree to which 
arterial hemoglobin was saturated with oxygen; (7) reduction of oxygen ventila- 
tion equivalent. These data are interpreted as evidence that cortisone definitely 
improved respiratory function and increased the work tolerance. The clinical and 
subjective improvement might be characterized as obvious. That there is a 
reversible element in this disease is proved by this case, since previous studies had 
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shown a steady deterioration during the preceding two years. One can only specu- 
late as to what the cortisone did. Dr. Van Ordstrand mentioned that biopsies 
before and after treatment failed to show histologic evidence of improvement. 
Although it would have been nice to have histologic confirmation of improvement, 
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I am certain that Dr. Van Ordstrand would agree that his findings must be inter- 
preted with caution. There is too much variation in the degree of tissue alteration 
throughout the lung at autopsy to permit one to draw conclusions of any sort from 
minor or lack of minor changes in biopsy material. The changes in the roentgen- 
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Fig. 3.—Effect of cortisone on oxygen dynamics. 
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Fig. 6.—Roentgenograms taken during the course of cortisone therapy. 
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ogram, in the arterial blood oxygen, in the maximum breathing capacity and in the 
response to exercise exhibited in this case during treatment with cortisone so 
greatly exceed the variations observed from day to day in normal persons or those 
that are inherent in the methods of study that one cannot readily escape the con- 
clusion that cortisone did alter the tissues of the lung. 

It is difficult to foresee what the effects of cortisone or ACTH shown here today 
mean in regard to the broad problem of pulmonary granulomatosis. It is heartening 
to know that we have agents which can affect the disease. Prolonged treatment, 
either continuous or intermittent, may indefinitely prolong the lives of some doomed 
otherwise to a different fate. Although the symptoms and the objective evidences 
became augmented after discontinuing treatment, perhaps retreatment or prolonged 
treatment may rid the body of the primary cause of the disease or effect a com- 
promise between the tissues and the irritant. Time and perseverance will provide 
the answers to this question. 
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MINIMUM OBSERVATIONS NECESSARY TO ADVANCE KNOWLEDGE 
OF THE ACTION OF ACTH AND CORTISONE 


ANNE FORBES, M.D. 
BOSTON 


HE MINIMUM observations for safety are the daily weight, the daily blood 
pressure, the bi-weekly urinalysis for sugar and constant watchfulness for odd 
behavior or personality changes. 

What I should like to discuss is how we may advance our knowledge by using 
subtraction. This method has been used twice today. We don’t know which of the 
many metabolic effects of ACTH or cortisone are responsible for the therapeutic 
effect we want. There is something to be learned by antagonizing some of their 
different actions individually. For example these agents deplete the body of 
potassium. Yet one can offset some of this potassium depletion by a high intake 
and avoid some of its deleterious effects on the heart and the brain without diminish- 
ing the therapeutic effect of the hormone. A second example mentioned was the 
use of insulin to counteract the diabetogenic action of ACTH, which again did nat 
appear to make it less therapeutic. 

Moreover, if you give ACTH you produce all the steroids that the adrenal 
can produce. The patient treated with it shows a marked increase in urinary 
17-ketosteroids as well as in corticosteroids. Since we know that cortisone is 
therapeutic as well as ACTH, we can immediately subtract from the things we 
have to investigate those effects which we believe are due to the androgen produced 
by the adrenal, represented by the index of increased ketosteroids in the urine. 
This is another example of the way we are picking off things from the mass of 
information at hand to throw out. The next example is taken from a paper by 
Bartter and associates.’ 

One of the most constant effects of either ACTH or cortisone seen in a balance 
study is a negative nitrogen balance. Now that is very gross measurement; it 
simply means that more nitrogen comes out of the body than goes in and does not 
tell which cells it comes from, which cells that is an advantage to, and which cells 
a disadvantage to. They thought it would be of interest to add to ACTH an agent 
which has the reverse effect, namely, causes the body to put on tissue and retain 
nitrogen, and see what the combination of the two did. Metabolic data on a patient 
with ovarian agenesis (a condition which is of no importance to this experiment) 
were studied. This patient was first given ACTH alone; then she was given ACTH 
plus methyl testosterone, then methyl testosterone alone. While she was receiving 
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ACTH alone there was a negative nitrogen balance with a negative phosphorus 
balance with an N: P ratio similar to that of muscle. This is evidence that actual 
body protoplasm was being sacrificed. 

After a control period during which the patient returned to nitrogen equilibrium, 
the same dose of ACTH was given again, with 100 mg. of methyl testosterone a day 
added to it. The patient remained in nitrogen equilibrium. Whatever internal 
rearrangements took place, there was no net loss of nitrogen from the body. 

Methyl testosterone was then given alone. A positive balance resulted, which 
was of just about the same magnitude as the negative balance which occurred on 
ACTH alone. 

This experiment showed that the negative nitrogen balance resulting from 
ACTH could be offset by the administration of methyl testosterone. It also 
showed that some of the other actions of ACTH were not offset. 

The glycosuria which resulted from ACTH administration in this patient was 
just as intense if not more so while the negative nitrogen balance was prevented. 
Likewise the fall in circulating eosinophils was not prevented by methyl testosterone. 

Since this patient’s disease (ovarian agenesis) was not one which responds 
to ACTH, this experiment does not prove that the prevention of the negative nitro- 
gen balance caused by ACTH does not interfere with its therapeutic action. How- 
ever, one should speculate on why a negative nitrogen balance should be arranged 
for by the body in situations of stress—in other words, why it would be any “use” 
to have ACTH produce a negative nitrogen balance. I have heard only two 
answers to the question offered. One is that by mobilizing protein from all over, 
you provide building blocks for the particular tissue which needs it at the moment. 
The other is that since starvation usually accompanies injury in animals and wild 
things, the purpose is to provide energy to survive the period of starvation. If either 
of these explanations is true, I see no reason why it would be a disadvantage to the 
patient to try and offset the negative nitrogen balance produced by ACTH, by 
increased protein intake with simultaneous androgen therapy. 

In summary a mechanism is suggested for decreasing our ignorance of which 
of the many actions of ACTH is helpful to the patient by attempting to offset or 
antagonize some of them individually. 

It is further suggested that offsetting some of these actions, such as the diabetes, 
the potassium depletion and the loss of protoplasm, may benefit the patient. 


DISCUSSION 

Dr. Harriet L. Harpy, Boston: Well, I think we have heard a great deal. I suspect it’s 
time to stop, but does anybody want to say anything before we leave? 

Dr. STANLEY WILSON, Boston: My colleagues and I have treated three patients who were in 
the early stage of their disease, and the observation is that the earlier we care for the patients, 
and the earlier we treat the disease, the greater the benefit. If that means anything, I think 
the question is: Do we want to keep up an interrupted treatment over a long period? 

Dr. Georce Wricnt, Trudeau, N. Y.: I think that he’d like to know whether it is possible 
to give interrupted treatment safely. 

Dr. Harpy: Isn’t that what you suggested as ideal, Dr. Cluxton? 

Dr. Harvey E. CLtuxton, Chicago: Yes. We pick up most of these cases, don’t we, Dr. 
Wilson, after the disease has already manifested itself pathologically, as well as by x-ray. Well, 
now, if we wait until we have a full-blown x-ray picture, how are we going to reverse 
that picture? 
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Dr. Joun Cass Jr., Brookline, Mass.: What is the pathology in regard to the rest of the 
body ? 

Dr. Harpy: Well, we see in the liver, not in all cases but in a fair number of them, 
the same type of cellular change which we see in the lung. Dr. Sander reports an autopsy 
in one of his cases in which the lesions were in the kidney. I had never heard of one in the 
kidney before, and Dr. Klemperer said this morning that beryllium was found in the bone. 
There is one case from the Chicago area in which certain bizarre changes in the bones were 
discovered that were called “marble bones.” I believe there were also changes in the epicardium 
and myocardium in this same case. 

Dr. CLuxton: There is just one other thing I’d like to call your attention to. As you 
know, we just recently completed our second ACTH clinical conference in Chicago. Dr. 
Ransohoff, of Cincinnati, brought out very dramatically the alleviation of some of the psychoses 
in patients being treated with ACTH and cortisone, by giving them increased amounts of 
potassium. I don’t know what Dr. Frawley might have to say about that because, as I under- 
stand them, they are long-term patients. You use it as a routine? Do you in your short-term 
treatment patients ? 

Dr. THomaAs Frawtey, Boston: We have not used potassium routinely in those who have 
been receiving the drug for about seven days. I am going to take this opportunity to clear up 
what apparently may be a misconception about the psychoses. We see psychoses in patients 
about whom one just can’t predict whether they are going to get into trouble or not. I have 
the feeling that one should try to eliminate those who, one thinks, might get a psychosis, but 
there is nothing one can do about those who are going to get mental symptoms. Even those 
who one would say, by the rough criteria we have or any of us would have, are the most stable 
persons may blow up with frank psychosis. The potassium chloride dosage may have to be 
increased, depending on the circulating level of steroids and the amount of adrenal stimulation 
that is obtained. 


ae 
| 
q 


CURRENT RESEARCH PROBLEMS CONCERNING PULMONARY 
GRANULOMATOSIS IN BERYLLIUM WORKERS 


FRIEDRICH KLEMPERER, M.D. 
TRUDEAU, N. Y. 


ie IS TRUE that probably none of us wants to make positive statements, and, 
first, I had decided to say only that we are dealing with the effect of a drug 
about which we know nothing, on a disease of unknown pathogenesis. In other 
words, all one could reasonably say about the theoretical implications of the effect 
of cortisone on granulomatosis is that we cannot draw any conclusions. Yet, that 
would leave you rather unsatisfied. I believe you want to hear about the thoughts 
which one might have when one sees that a pathological process like this can be at 
least partly reversed by a drug. 

The first question, of course, is what does adrenal hormone do to tissues? I am 
not really qualified to discuss this question because of lack of firsthand experience. 
Nevertheless, looking through the literature one comes to the conclusion that one 
can say only that the hormones in question modify the responses of mesenchymal 
tissue to a variety of very nonspecific causes. There is experimental evidence that 
reactions of sensitivity as well as reactions to certain straight chemical and mechani- 
cal causes are influenced by cortisone. Therefore, observations of the effect of 
cortisone on a pathological state do not permit any conclusions about the cause 
or the pathogenesis of the disease. While the exact etiologic factor of the granu- 
lomatosis is still uncertain, I think it is generally agreed that beryllium is an 
outstanding factor. The problems with which we are confronted at present are 
those of the metabolism of beryllium compounds, the question of their presence 
and possible state in tissues, and the exact mechanism of their toxic action. 

For the purpose of the investigation of the pathogenesis, at least, it appears 
advantageous to differentiate between the acute pneumonitis which is seen in per- 
sons who have been exposed to relatively high concentrations of the more soluble 
beryllium compounds, and the chronic granulomatosis which has been observed 
following the inhalation of insoluble beryllium compounds, at times in astonishingly 
low concentrations. While in the first instance it might be assumed that damage 
of tissue occurs because, as is known, beryllium interferes with certain enzymes,’ 
such an explanation cannot possibly hold in most cases of pulmonary granuloma- 
tosis. The reason for this is that the amount of soluble beryllium found in tissues 
is entirely inadequate to account for any of the effects which have been observed in 
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vitro. As an example of this one might cite the cases of nonoccupational disease 
in persons who had been exposed to unbelievably small concentrations of beryllium * 
and whose lungs, according to Dutra, Cholak and Hubbard,’ contained concentra- 
tions of beryllium which on the average were about 10 times smaller than that 
necessary to bring about noticeable inhibition of alkaline phosphatase. More con- 
vincing in this respect than the data about the total concentration of beryllium in 
the lung are observations indicating that in cases of granulomatosis the small 
amount of beryllium which is found in the tissues is essentially insoluble in body 
fluids. This is well demonstrated by the following data concerning one of our 
patients who had inhaled fluorescent powder and who came to autopsy nine years 
after the cessation of his exposure. On several occasions during the year pre- 
ceding his death, no beryllium could be detected in his urine. His lungs, however, 
still contained 7.8 yg. of beryllium per 100 Gm. of wet tissue. This evidence of 
beryllium in the lung as long as nine years after exposure, in a person who did 
not excrete detectable quantities of beryllium, indicates virtual insolubility of the 
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The influence of cortisone on the urinary excretion of beryllium in pulmonary granulomatosis. 


beryllium, which presumably was present as silicate or oxide. Under such condi- 
tions, any interference with enzyme action by soluble beryllium is difficult to 
conceive. 

One concludes, therefore, that the mechanism of the toxicity of beryllium com- 
pounds in chronic granulomatosis is still unknown and cannot be explained on the 
basis of any of the known biochemical reactions of beryllium. The problem is 
similar to, and as elusive as, that concerning other pneumonoconioses which are 
caused by insoluble particles. 

An important question which was raised earlier in this conference is whether 
increased elimination of beryllium can be brought about by administration of corti- 
sone. We have heard conflicting data. Those presented by Dr. Kline indicated 
that the excretion of beryllium was not influenced by the administration of the 


2. Eisenbud, M.; Wanta, R. C.; Dustan, C.; Steadman, L. T.; Harris, W. B., and Wolf, 
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hormone. It should be noted, however, that his data were obtained by a method 
of unprecedented sensitivity. They show an excretion about 10 times smaller than 
it is possible to determine by any of the published methods. Since at present we 
have no information of the nature and precision of the method employed, and 
since we have no control data on individuals who had not been exposed to beryl- 
lium, we have to postpone evaluation of these data. 

The data given by Dr. Hardy show an apparently significant increase in beryl- 
lium excretion following the administration of cortisone (or ACTH?). In this 
case one should note that the analytical figures of beryllium excretion are about 
100 times greater than those ever reported in the literature or found by us at the 
Saranac Laboratory in a rather large number of cases with pulmonary granuloma- 
tosis. Because methodical errors are an ever present possibility in the determina- 
tion of beryllium, I hesitate to put too much weight on such data unless they are 
obtained by a known method of proved reliability. 

Our own experience about the excretion of beryllium during cortisone therapy 
is limited to one patient whose urine showed no detectable amounts of beryllium 
before and during treatment. 

This question whether beryllium can be mobilized by hormone treatment may 
be of great practical importance and will probably be solved in the near future. 
It appears difficult to believe that a compound which, for all practical purposes, 
seems insoluble can be made soluble by administration of a hormone. If, however, 
it should be possible to eliminate beryllium from the body, then there would be 
some hope that prolonged treatment might actually effect a more permanent cure 
in this disease. 

ADDENDUM 


Since this paper was given, I have had occasion to determine the urinary excre- 
tion of beryllium in a patient with pulmonary granulomatosis before and during 
cortisone treatment. For the analyses a chemical procedure was employed, the 
reliability of which has been established.*| The patient, who had been exposed to 
various beryllium compounds in 1947 and 1948, began to experience fatigue, 
dyspnea and loss of weight about November 1950. In February 1951, administra- 
tion of cortisone was followed by prompt improvement in all symptoms as well 
as clearing of the roentgenographic shadows. The daily excretion of beryllium, as 
shown in the accompanying chart, remained constant during the experimental 
period and was not influenced by cortisone. The excretion of creatinine, which 
according to Sprague and co-workers® is not altered by the administration of 
cortisone, was determined as a check on the completeness of the urinary col- 
lections. 


DISCUSSION 
Dr. Harriet L. Harpy, Boston: I think Dr. Klemperer has just filled us with questions 


and ideas, which I expect is all we can ask him to do. Dr. Grier worked here, in Dr. Aub’s 
group, with beryllium intoxication before he went out to New Mexico. 
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Dr. Ropert S. Grier, Natick, Mass.: It seems to me in this taking of biopsy specimens 
that we might get a lot of information if we could find somebody that had the misfortune or 
fortune, depending on the point of view, to have cut himself where the lesion would be accessible 
in the skin, and follow in him the effects of ACTH. In such a case serial biopsies could be 
done almost daily, and one would have a possible reflection of what is going on in the lung, 
because the pathologic changes are almost identical and can be followed much more readily. 

Dr. Harpy: Dr. Hoagland is working currently in Dr. Aub’s laboratory. Have you any- 
thing you would like to say, Dr. Hoagland? 

Dr. Manton B. HoacLanp, Boston: I don't have any directly appropriate comment about 
the ACTH problem, but I might just say that my associates and I are accumulating evidence, 
and others are, that beryllium is an extremely potent inducer of tissue proliferation in the variety 
of systems in the plant, in the animal, the amphibian, and in the human. We are accumulating 
evidence that it has this property in all its forms, whether present in the oxide or in a phos- 
phate, or as a soluble beryllium sulfate or nitrate. It seems that beryllium itself is an inducer 
of tissue proliferation. Of course, you are all familiar with the sarcomas which are so dramatic. 
And we are all gradually accumulating evidence, I think, from here and other laboratories that 
this effect on tissue proliferation is concerned in some way with magnesium metabolism, and I 
think that we may be able to put some of these findings together. 
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GENERAL DISCUSSION ON THE TREATMENT OF CHRONIC BERYLLIUM POISONING 
WITH ACTH AND CORTISONE 


Dr. Harrier L. Harpy, Boston: The problem of correct diagnosis has to be thrashed out, 
as Dr. Dobson has said. How many of the fluorescent lamp-manufacturing series have ulti- 
mately succumbed to an acid-fast or have an acid-fast bacillus infection secondary to their 
chronic disease ? 

Dr. GrorGe Wricut, Trudeau, N. Y.: Two of our 17 died, with acid-fast bacillus infection 
demonstrated. 

Dr. R. L. Dosson, Berkeley, Calif.: I would like to speak of some points that have been raised 
and are pertinent to the case in which the patient was treated with ACTH, in Berkeley. Dr. 
Wright raised the question whether or not all the patients who have been treated really had 
beryllium poisoning, and I think he especially had in mind the case which we described, which 
was complicated with tuberculosis. He intimated that perhaps the patient had tuberculosis at the 
start. I think this is a well chosen question. I can say that during a little more than four 
years after the patient was first found to have a diffuse pulmonary disease, his tuberculin tests 
were repeatedly negative. His sputum was repeatedly negative for tuberculosis on culture, 
on smear and on guinea pig inoculation. Biopsy of a cervical lymph node done early in his 
disease, in the beginning of 1946 a few months after the first abnormal roentgenogram, showed 
a typical granuloma, which presumably backed up the diagnosis of granulomatous disease. 
In this granuloma no acid-fast bacteria were found. The second point I think is Dr. Frawley’s 
point of the hazard of treating a tuberculous patient with ACTH. This, of course, entered our 
minds, and we thought many times before we instituted the ACTH therapy. We rationalized 
our intent on the ground that since this patient was moribund, no harm could be done. I think 
there is little question that his life was prolonged nine or 10 months by the ACTH therapy. 

The subjective changes following ACTH I mentioned this morning. The patient felt very 
much better. The objective changes were an increase in vital capacity from 1.7 1. to 2.3 1., not 
very much of a change, and the moisture in his lungs cleared considerably; in fact, in some 
periods during his eight months of ACTH therapy his lungs were completely dry to auscultation 
whereas there were many coarse and crepitant rales when treatment was started. 

Dr. Josep C. Aus, Boston: In all of our cvrrent discussions on ACTH and cortisone, one 
always wonders how their effects are produced. The laboratory work which is assembled has, so 
far, complicated the problem and given us no answer. All we know is that they are potent drugs, 
and their mechanism of action is obscure. 

I should like to recall that just about 100 years ago, Trousseau said, “Let's hurry, hurry, use 
the new drug before it stops curing!” These drugs produce great effects. So far their curative 
effects are extremely limited. Now why should we treat a disease we don’t understand, like 
chronic beryllium poisoning, with drugs whose mechanism ‘we equally don’t understand? I have 
been unable to hear all the discussion this morning, but it seems clear that ACTH and cortisone 
do something that seems to improve the x-ray picture and the physiological reactions of people 
suffering from chronic beryllium poisoning. What possible explanation can there be for this? 

Adrenal glands apparently have an antagonistic action on the lymphocytes and the eosinophils. 
If I can refer to history again, I might mention that Marine in 1918 or 1919 showed that after 
the removal of the adrenal glands the thymus and the lymph nodes of animals became tre- 
mendously hypertrophied. It is now known that eosinophils fall after cortisone has been given. 
Weintrobe showed recently that the number of circulating lymphocytes also goes down under 
these circumstances. May I refer also to Florey’s work? Some years ago he showed that the 
life of the lymphocyte is only a matter of hours. This may bea little too short, because in 
preserved blood the lymphocytes still remain after 48 hours, but, at any rate, their life in the 
blood stream is short. 


What I am getting at is, in granulomatous lesions there are an enormous number of lympho- 
cytes and eosinophils. You then give a drug which reduces the number of such cells. If the 
numbers of such cells are reduced around these granulomatous lesions, then one would expect 
to find a change in the roentgenogram, and indeed one ought to find obvious changes in the 
physiological reactions which are dependent on elasticity of the lungs. 
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It is also obvious that these drugs reduce the numbers of circulating lymphocytes in lympho- 
cytic leukemia but do not have similar effects in myelogenous leukemia or in monocytic leukemia. 
These effects are not long-lived, and most of the diseases in which these drugs have been used 
recur after cessation of the treatment. 

If one can destroy or diminish the cellular reaction around granulomas, it is possible that 
one would have a greater chance to remove the substances which were producing those granu- 
lomas, because one expects the areas to be more permeable than when they are infiltrated and 
surrounded by vast numbers of specialized cells. From this point of view, ACTH and cortisone 
might give an opportunity for removal of a foreign substance like beryllium which might not 
be possible in the intact granuloma, but how to go about to do that is not now clear, nor is 
the possible explanation which I have given for the evidence of improvement which has been 
presented this morning. In other words, I think it very dubious that these drugs will cure 
beryllium granulomas, but I think it is encouraging so far as they may present an opportunity for 
a successful removal of beryllium, an opportunity based on possible greater permeability of the 
areas. It might be wise to consider this theoretical explanation and see if it really corresponds 
to what occurs in the disease. 
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HEALTH HAZARDS IN THE PRODUCTION AND HANDLING 
OF VANADIUM PENTOXIDE 


SVEN-GOSTA SJOBERG, M.D. 
ESKILSTUNA, SWEDEN 


HE METALLIC element vanadium (V, atomic weight 50.95, discovered by 

the Swedish scientist Sefstrém in 1830) has become increasingly useful because 
of its hardness and ability to combine with iron, forming an alloy, so-called ferro- 
vanadium, and is in great demand in the manufacture of hard steel alloys. In the 
production of such alloys the pentoxide, V,O,, is generally used. It is also used 
as a catalyzer in chemical industries—for example, in the modified contact process 
of manufacturing sulfuric acid. Compounds of vanadium are also used as mordants 
in dyeing and the preparation of ink, as accelerators in the drying of paints and var- 
nishes, in insecticides, photographic chemicals, and in glass manufacture. The fact 
that the consumption increased in Germany from 150,000 Kg. in 1934 to 400,000 
Kg. in 1937, and to 5/000,000 Kg. during the last war, and in England from 
170,000 Kg. in 1936 to 2,500,000 Kg. in 1943 is further evidence of its rapidly 
increasing importance. It is also a matter of considerable economic importance, as 
vanadium is as yet comparatively costly. 

With the increased use of vanadium, the handling of its compounds has become 
a problem of industrial hygiene of great importance so far as the health of the 
workers concerned is affected. 

Vanadium is related to arsenic, phosphorus and antimony, on one hand, and to 
niobium, tantalum and chromium, on the other. The element mostly has a 
valence of V, but also II, III, IV and VII. It combines readily with oxygen, 
nitrogen, carbon and with other metals. The pentavalent salts are called meta- 
vanadates (RVO,), orthovanadates (R,VO,), and pyrovanadates (R,V,O,) ; the 
quadrivalent salts are called vanadites. The technically most important vanadium 
compound, the pentoxide, V,O,, is slowly soluble in water, more readily in acids 
and most readily in alkali (forming vanadates ). 

Vanadium occurs fairly extensively in nature, although mostly in very small 
concentrations. The crust of the earth is said to contain approximately 0.01 per cent 
of vanadium. It is commonest in iron ore rich in titanium, in apatite iron ore and in 
carnotite (hydrated potassium uranium vanadate). Vanadium occurs also in the 
ashes of some plants (sugar beet, vine, beech, oak) as well as in some lower marine 
animals (Ascidiacea, where it is probably contained in certain enzymes essential 
for life), and, very likely for this reason, in certain mineral oils and in coal. With 


From the Department of Occupational Hygiene, State Institute for Public Health, Tomte- 
boda, Sweden (Prof. Sven Forssman, chief), the Department of Medicine, the Falun Hospital, 


Falun, Sweden (Arthur Engel, M.D., chief), and the Department of Medicine, Centrallasarettet, 
Eskilstuna, Sweden (Sven-Gésta Sjoberg, M.D., chief). 
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regard to the higher animals, it has been considered to be of no physiologic impor- 
tance, as it has not been demonstrated in their tissues (spectrographically ). 

An interesting and significant fact is that the vanadium content of mineral oils 
may cause corrosion of oil-heated boilers. Here it is probably a matter of catalytic 
action, with oxidation of sulfur dioxide to sulfur trioxide, and to some extent also 
of formation of vanadates. 

Vanadium appears to have a catalytic action also on some enzymic processes. 
Vanadates increase the fermentation of hexosediphosphoric acid with yeast extract, 
and the uptake of oxygen in a suspension of liver from rats or guinea pigs. On 
these investigations are based some authors’ belief that in man the ill effects of 
vanadium can be attributed to the damage caused to the metabolic processes in the 
tissues, which, however, has not been demonstrated in the present or any other 
investigation. 

Several experiments to determine the toxicity of vanadium compounds have 
been made, mostly with vanadium salts. Some workers in the past century reported 
almost the same results obtained by injecting vanadates and vanadium pentoxide 
into animals: paralysis, absence of reflexes, convulsions, enteritis, slower breath- 
ing, impaired action of the heart and, eventually, death. Ammonium vanadate 
per os produced somnolence, coma, convulsions and death in rabbits. Autopsy of 
these animals showed small hemorrhages with ruptures of the smallest vessels of 
the brain and inflammation of the bronchi, the renal tubules and the mucosa of the 
large intestine. Doses of 368 p.p.m. of sodium vanadate per os were fatal in rats, 
Daniel (1938) described the acute poisoning among the animals as follows: 
anxiety reactions, bleeding from the nose, intestinal hemorrhage, diarrhea, paralysis 
of the hindquarters, dyspnea and convulsions. The chronic poisoning occasioned by 
tolerable doses is manifested in similar, although less striking, symptoms, combined 
with loss of appetite and emaciation. Microscopic examination of the poisoned 
animals showed acute enteritis, fatty degeneration of the liver, swelling and local 
hemorrhages of the lungs, slight parenchymatous degeneration of the renal tubules 
and, finally, pathologic changes in the adrenals, the spleen, the bone marrow and the 
brain, which, however, were probably not of a significant nature. Heimberger * 
(1929) had reported similar symptoms after injecting vanadates into mice and 
cats. Autopsy showed hyperemia of the digestive organs in many cases and edema 
of the lungs in some cases but otherwise nothing remarkable (no histologic exami- 
nations were made). Of greater interest in this connection are Heimberger’s 
inhalation experiments with vanadium pentoxide on cats. She found that this com- 
pound is tolerated by the animals in low concentration (0.043 mg. per liter) for at 
least three hours, whereas a ten or a hundred times higher concentration kills the 
animal within minutes or hours in many cases. The symptoms are described as 
follows: accelerated breathing, sneezing, coughing, rattling sounds, and also loss 
of appetite and bloody diarrhea. Autopsies showed mucous-catarrhal phenomena in 
the gastrointestinal tract, with small gastric ulcers in a few cases, and in the respira- 
tory organs, with edema of the lungs in some cases. 


1. Daniel, E., and Lillie, R. D.: Experimental Vanadium Poisoning in the White Rat, 
Pub. Health Rep. 53:765, 1938. 


2. Heimberger, C.: Injektionsversuche an Katzen und Mausen mit Vanadinsalzlésungen 
und Staubinhalationsversuche an Katzen mit Vanadiumpentoxyd, Dissertation, Wirzburg, 1929. 
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Similar experiments were carried out by Molfino * (1938) on rabbits. 

The description of the syndrome which develops in man with inhalation of 
vanadium pentoxide dust varies in the few and mostly scanty reports appearing in 
the literature. The authors agree with regard to the irritation of the respiratory 
tract accompanied with symptoms of bronchitis, whereas in the earliest description 
of the condition (Dutton,* 1911), which still appears in several of the larger text- 
books, divers phenomena noted in the gastrointestinal tract, the blood, the kidneys 
and the central nervous system are said to belong to the syndrome (anorexia, 
nausea, diarrhea or constipation, anemia, cachexia, albuminuria with cylindric 
casts and red cells in the sediment, tremor, headache, neuroretinitis, amaurosis, 
vertigo and mental disorders). Balestra and Molfino® (1942) described cases of 
pneumonoconiosis, which may reasonably be presumed to have been cases of 
silicosis. In the first reliable report on the subject, Symanski* (1939) reached the 
conclusion that the picture is quite characteristic and that the symptoms are due 
entirely to the irritating effect of vanadium dust on the mucous membranes of the 
respiratory tract and on the conjunctivas. In all his 19 cases he observed con- 
junctivitis with smarting of the eyes, rhinitis with watery discharge, sore throat, 
persistent cough with pressure over the chest, possibly a stitch and many rhonchi. 
Roentgenograms showed chronic bronchitis. Symanski pointed out the possibility 
that severe chronic bronchitis may occur, possibly with bronchiectasis. He empha- 
sized that he had observed no gastrointestinal symptoms, no organic injuries of 
the kidneys, no signs of lowered activity of the blood-forming organs, nor any 
nervous symptoms. He considers that there is no reason to suspect an absorptive 
poisonous effect. There were no deaths in his cases. 

Wyers* (1946) reached a somewhat different conception of the disease. In 
his communication describing 10 cases in which the patients were exposed to 
vanadium pentoxide for five months to 10 years, he reported the following main 
symptoms: (1) pallor of the skin (no examination of the blood was made); (2) 
greenish black discoloration of the tongue (it may be due to the reduction of the 
pentoxide to trioxide and to the formation of green salts through the action of 
ptyalin and acid-forming bacteria; it occurred mostly in workers with caries; it 
could not be washed off but disappeared after a few days’ absence from work) ; (3) 
paroxysmal cough, rarely with hemoptysis; (4) dyspnea; (5) pains in the chest; 
(6) palpitation on exertion; (7) tremor of the fingers and arms; (8) emphy- 
sematous chest; (9) profuse bronchitis; (10) bronchial spasm; (11) raised blood 
pressure, accentuated pulmonary second sound, and (12) reticulation on roentgeno- 
logic examination. Wyers also observed in one case hyaline and granular casts in 
the urine and reported four cases of pneumonia. There were no cases in which 
diarrhea, loss of appetite, emaciation, visual disorder, paresis, vertigo, convulsions 


3. Molfino, F.: Contributo sperimentale allo studio dell’ intossicazione professionale da 
vanadio, Rass. med. appl. lavoro indust. 9:62, 1938. 


4. Dutton, W. F.: Vanadiumism, J. A. M. A. 56:1648 (June 3) 1911. 

5. Balestra, G., and Molfino, F.: Alterazioni polmonari da polveri negli operai addetti all 
estrazione del vanadio dalle cencri di nafta, Rass. med. indust. 13:5, 1942. 

6. Symanski: Ber. VIII Internat. Kongress f. Berufskrankh., 1938, p. 1061; Gewerbliche 
Vanadinschadigungen, ihre Entstehung und Symtomatologie, Arch. f. Gewerbepath. 9:295, 1939. 


7. Wyers, H.: Some Toxic Effects of Vanadium Pentoxide, Brit. J. Indust. Med. 3:177, 
1946. 
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or nervous disorder was present. He inferred that it is a matter of an industrial 
disease with pathologic changes in the lungs (reticulation) and general poisoning 
caused by the dust. 

In Sweden the condition had previously been mentioned by Rundberg * (1939), 
who observed, in addition, irritation of the skin. 


AN INVESTIGATION OF THE ACTION OF INHALED VANADIUM 
PENTOXIDE DUST ON MAN 


Since 1946 vanadium pentoxide has been produced in a new factory at the Falun 
Copperworks in Falun, a mining town in the Swedish province of Dalecarlia. The 
raw material is iron ore slag from the Domnarfvet Ironworks. It contains about 12 
to 17 per cent vanadium. Briefly, the manufacturing process is as follows: The 
slag is crushed, pulverized and mixed with soda. It is then roasted at 600 to 800 C., 
a treatment whereby the vanadium is rendered water-soluble. This is followed by 
warm water extraction, precipitation of vanadium pentoxide and drying of the 
product. The bulk of the product is delivered for the manufacture of hard steel, 
while some is used as a catalyzer in the sulfuric acid plant at the copperworks. 

In the beginning of the operation, when the dust formation was at its heaviest, 
tests of the factory dust showed great variation of the dust content of the air in the 
different parts of the building (0.6 to 86.9 mg. per cubic meter, with a maximum 
vanadium content of 4.8 to 7.5 per cent). The number of particles also varied (6 to 
140 particles per milliliter). Determination of the particle size showed that a con- 
siderable part of the dust was made up of fine particles (22 per cent < 8u, 39 per 
cent < 12), sizes which indicate its ability to pass far down the respiratory tract. 
Besides the vanadium the soda is the only constituent of the dust that should be 
considered harmful, in that it may have an irritating effect on the skin and the 
mucous membranes. This, however, is of no great significance in view of the low 
content of soda in the dust. 

When the new factory opened (toward the end of 1946) little or nothing was 
known about the dangers attached to the handling of the substance, and at the 
beginning face masks were not worn. Within a short time, however, illness began 
to occur. Since the examination of the first patient (in December 1946), I have 
kept the whole personnel of the vanadium factory—foremen, workers, builders 
(including repairers)—under constant medical supervision. The material of this 
report *** consists of a series of 36 workers who were thus observed during the years 
1947 to 1950. All of them had symptoms once or repeatedly. The main symptoms 
were severe irritation of the respiratory tract, with dryness and pain in the throat, 
a troublesome cough and wheezing sounds over the chest, with or without viscid 
sputum, shortness of breath and palpitation on exertion, weakness and fatigue. In 
a few cases bronchopneumonia occurred. Some patients had nasal catarrh or smart- 
ing of the eyes. There was also in some cases a skin disease in the form of papular 
eruptions on the face, the hands and the dorsa of the feet. The symptoms appeared 
in different combinations and degrees. There were also symptoms of neurasthenia 
and giddiness, and in one case there was tremor for a short period. 

Slight irritation (redness) of the conjunctivas with no or little inconvenience 
seems to belong to the syndrome in the present series. 


8. Rundberg, G.: Moderna yrkessjukdomsproblem i Sverige, Nord. med. 2:1845, 1939. 
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Respiratory Tract—With regard to the upper respiratory tract, the workers 
were kept under close supervision and were examined by the same specialist at an 
initial examination and periodically after that, or when necessary, and finally were 
given an unbiased examination in October 1948, when the greatest possible objec- 
tivity was aimed at. Unfortunately, I had not at my disposal a sufficiently large 
control material and was obliged, therefore, to compare my series with another 
investigator’s control material (Richtnér®), which includes 703 workers from 
mines and sawmills in the north of Sweden, who were examined according to the 
same method and who presumably had been exposed only to inert dust. Although 
the results of this comparison should be assessed with caution, it seems justifiable 
to draw the following conclusions : 


At the time of the first examinations the incidence of nasal catarrh (slight or 
copious ) was abnormally high (42 per cent, against 20 per cent in the controls) but 
this was by no means an essential symptom. There were also cases in which 
symptoms were absent despite objective changes. Other types of nasal involve- 
ment were sores in the nares, dryness or smarting of the nose and nasal obstruction 
in the absence of nasal catarrh. The observed changes were generally moderate, in 
some cases marked, but never severe with, for example, perforation. The number 
of workers with normal nasal conditions was probably lower than in the control 
series (40 per cent against 80). 

The incidence of complaints of throat dryness, irritation or pains was also 
abnormally high (approximately 86 per cent against 8) and that of a normal condi- 
tion of the throat abnormally low (42 per cent against 64). Only moderate or 
marked changes were observed. 

The incidence of laryngeal involvement in the form of hoarseness was not 
abnormally high, even though the percentage of normal throats was much lower 
than among the controls (42 per cent against 88). As before, no severe changes 
were observed. 

Laryngoscopic examination of the trachea showed that the percentage of normal 
tracheas was approximately equal to that for the control series. 

At the final examination of the upper respiratory tract (in October 1948) the 
incidence of the normal condition was lower than at the first examination with 
regard to the nose (50 per cent against 61), the pharynx (10 per cent against 42) 
and the larynx (27 per cent against 42). With regard to the nose, the majority of 
those examined showed acute and chronic-hyperlastic changes, several of which 
were “allergic in type.” In the pharynx acute and chronic-atrophic changes pre- 
dominated. The larynx and the trachea presented only acute conditions. No severe 
changes were observed. 

A comparison has been made between the results of the first examination of the 
upper respiratory tract and those of the final examination for two groups of the 
workers who attended both examinations, that is, those who had worked per- 
manently or frequently at the factory and those who had had other employment for 
the larger part of the observation period. No significant increase of the pathologic 
changes was demonstrated in either group. The number of workers with changes 
in the pharynx was greater at the final examination in the first-mentioned group, 


9. Richtnér: R6nnskarsutredningen, stenciled in the archives of the State Institute for 
Public Health, Tomteboda, Sweden, 1949. 
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and also, though not to the same degree, in the second group. In one worker 
atrophic pharyngitis had developed. The number with laryngeal changes appeared 
to have increased only in the first-mentioned group. That chronic changes of the 
upper respiratory tract may appear also after brief but heavy dust exposure is 
borne out by the fact that so many workers (particularly three of them) still had 
symptoms after having left the factory (two even had bronchopneumonia) and 
showed significant changes also at the final examination. 

As pointed out by all previous authors, bronchial disorder is the essential 
feature of the disease. Most of the workers in the present series complained, at 
least periodically, of symptoms in the form of a cough with or without sputum, 
wheezing sounds in the chest and frequently shortness of breath. During the worst 
period the bronchial symptoms were distributed as follows among the 36 workers: 
no cough, 0; cough with no sputum, 22; cough with copious sputum, 14; wheezing 
sounds in the chest, 31; shortness of breath, 27. 

The frequency of these complaints is all the more evident on comparison of the 
exposed workers and the controls, 4 per cent of whom showed “much coughing,” 
and 24 per cent, “shortness of breath more marked than normally.” 

The cough was described in varying terms. In some cases it was said to be 
violent, particularly at night, with attacks of choking. In many cases it was worse 
in the evening or in the morning; in others, no worse than “a tickle in the throat.” 
In the daytime, for example, at the examinations, many of the patients had a more 
or less violent and harsh cough, which appeared to me to be rather characteristic. 
When the cough was attended by expectoration, the product was generally viscid 
and mucoid, sometimes more copious, but not blood-stained, and appeared mostly 
in the morning. No severe hemoptysis was recorded. In many cases rhonchi pre- 
dominated (“wheezing like a loud siren’), particularly at night, causing slight 
shortness of breath, and audible as sibilant rales on auscultation. The shortness of 
breath was most noticeable on exertion. Bronchoscopy, which was performed in 
four cases, showed no severe changes (histologically, in one case, very mild chronic 
bronchitis ). 

As already mentioned, the particle size of the factory dust indicates its ability 
to pass far down the respiratory tract, most probably as far as the alveoli. Formerly 
this was considered possible for particles of 10.54, or perhaps slightly bigger 
(McCrae,'* 1912), whereas according to Hatch" (1948, 1950), only particles 
below 3n should be able to reach the alveoli. As 22 per cent of the factory dust had 


a particle size of &« or smaller, possibilities seem to exist for the appearance of 
lung complications. 


Acute changes in the lungs, manifested in edema or “pneumonitis,” are caused 
by several metals in the form of dust. Besides a purely chemical corrosive process 
(chemical pneumonitis, caused, for example, by beryllium, nickel, cadmium and 
osmium) there are probably several other factors to be considered. A definite 
inflammatory reaction may prepare the way for secondary infection. It is also 
reasonable to presume that an infection may be promoted by chronic changes 


10. McCrae, J.: The Ash of Silicotic Lungs, The South African Institute for Medical 
Research, Johannesburg, 1913. 
11. Hatch, T., and Hemeon, W. C. L.: Influence of Particle Size in Dust Exposure, J. 


Indust. Hyg. & Toxicol. 30:172, 1948. Hatch, T.: Paper read at the Sydney Congress, 1950, 
to be published. 
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involving the respiratory tract. Finally, allergy may naturally play a part in this 
respect. 

In five cases acute changes occurred in the lungs (pneumonic in one case, 
bronchopneumonic in the others), which in at least three cases appeared in con- 
nection with heavy exposure to dust. Wyers’ reported four similar cases. Thus, 
it seems probable that vanadium pentoxide dust may cause pneumonitis. The 
growth of several kinds of pathogenic bacteria suggests that this vanadium pneu- 
monitis may be of a mixed chemical and bacterial origin (like manganese pneumoni- 
tis). An allergic factor may also be present, as one of the patients belonged to 
those who not only had eczematous lesions but also reacted positively to a vanadium 
patch test. 

In two other workers with bronchopneumonia among those who had left the 
factory the disease may have been connected with epithelial lesions caused earlier 
by the dust and leading to increased susceptibility to infection. 

Wyers stated that an emphysematous chest and reticulation on the roentgeno- 
gram are signs of fibrosis of the lungs. No signs of any chronic specific changes, 
however, similar to those in the pulmonary granulomatosis caused by beryllium or 


Tasie 1.—The Spirometric Values Expressed in Liters at the Existing Air Pressure, 37 C. and 
Water Vapor Saturation, and as a Percentage (the Quotients), Respectively 


Vanadium Workers Controls Difference 

2.16 + 0.09 2.28 + 0.06 0.12 + 0.11 

0.78 = 0.05 0.76 > 0.02 0.12 > 0.05 

1.90 > 0.08 1.45 = 0.04 0.45 + 0.09 

Vital capacity 4.54 + 0.13 4.49 + 0.07 0.35 + 0.15 
Residual capacity 1.70 = 0.08 1.56 + 0.04 0.14 + 0.09 
Total capacity 6.54 + 0.16 6.05 + 0.09 0.49 + 0.18 
Residual quotient 26.0 + 1.08 2.8 + 0.56 02 £1.17 
Equilibrium quotient 49.6 + 0.60 6.5 + 1.38 


cemented tungsten carbide (Sjoberg '**) or silica have been observed on repeated 
roentgenologic examination of the present material. I have also failed to find 
reticulation in any cases. Nor has any sign of emphysema in the form of an increase 
of the so-called residual quotient been demonstrated at the spirometric examina- 
tions performed according to the principles laid down by Birath ** (1944). In view 
of the short observation period, however, the possibility of the appearance of such 
changes may not be ruled out. 

Gastrointestinal Tract-—With regard to digestive symptoms, Wyers’ remark- 
able report concerning greenish black discoloration of the tongue, observed in 
many of the factory workers examined by him, has been mentioned on a foregoing 
page. As nobody else has observed any such discoloration, and as I myself have 


12. Sjoberg, S-G.: (a) Forgiftning av vanadinsyra Nord. med. 41:500, 1949; (b) 
Pneumonier av tungmetalldamm, ibid. 42:1709, 1949; (c) Metalldammpneumoniter, ibid. 48: 
117, 1950; (d) Vanadium Pentoxide Dust: A Clinical and Experimental Investigation on Its 
Effect After Inhalation, Acta med. scandinav. 138: supp. 238, 1950; (¢) The Discovery of 
Vanadium: Nils Gabriel Sefstrém, His Discovery and Its Consequences, J. Chem. Education, 
to be published. 


13. Birath, G.: Lung Volume and Ventilation Efficiency, Acta med. scandinav., 1944, supp. 
154. 
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seen it in only one case, the history of the patient concerned in this case may be 
of interest. 


The patient had earlier been heavily exposed to vanadium dust on several occasions; he had 
had bronchopneumonia, evidently produced by the dust, chronic-atrophic pharyngitis and also 
allergic lesions of the skin. 

For a short period in June 1950 he had been engaged in scraping an iron plate floor on which 
had stood an apparatus for experiments in dissolving vanadium-concentrated slag with sulfuric 
acid. Some of this mixture had leaked out and had stuck to the iron plate floor until it was 
scraped off by the patient. In addition to the usual involvement of the pharynx and bronchi, his 
sputum was dark grayish green, and on being examined in the middle of June 1950 he had a 
light grayish green coating, which could not be removed, on the posterior and medial parts 
of the tongue. Optical spectral analysis of material obtained by scraping the dorsum of the 
tongue showed a vanadium content of 0.1 per cent by weight in dry substance. The valency 
of the vanadium could not be determined. 


In this case the discoloration of the tongue may probably be explained as 
follows : 

The mixture contained sulfuric acid (about 40 Gm. per liter), vanadium sul- 
fate (40 Gm. per liter, or approximately 10 Gm. of V per liter), also manganese 
sulfate (100 Gm. per liter) and iron sulfate (50 Gm. per liter). Thus, the coating 
scraped off the iron plate floor consisted of ferric, manganese and vanadium sulfates. 


TasLe 2.—Vanadium Content of the Ashes of Blood and Urine 


Cases in Which Given Content Was Found 


>0.0003-0.0008% 0019 0.001% 
2 


1 


Probably, the vanadium had gradually been oxidized to vanadyl sulfate (VOSO,), 
no further, which, unlike vanadium pentoxide, is freely soluble in acids. When this 
solution is neutralized, hydroxides of quadrivalent vanadium, which are deeply 
colored (greenish-bluish black) are precipitated. It should be possible for such a 
precipitation to occur through the action of normal sputum with alkaline pH, and in 
that case ptyalin and acid-forming bacteria (Wyers*) would not be necessary. No 
other salts but vanadium salts (iron, manganese) should be taken into consideration 
in view of the results of the spectral analysis, as these substances did not occur in 
quantities comparable to the content of vanadium. 

It seems reasonable to presume that the difference in the incidence of discolora- 
tion of the tongue may be attributed to differences in the manufacturing process, 
and that in my one and only case the discoloration was caused by precipitation of 
quadrivalent vanadium hydroxides. 

In the present investigation no gastrointestinal symptoms which may be asso- 
ciated with vanadium were demonstrated—which agrees with previous observations 
(Symanski Wyers*). 

By means of optical spectral analysis an increased vanadium content of blood 
and urine was demonstrated in the majority of cases, which shows that vanadium 
is absorbed and excreted. No vanadium was found in blood and urine of the 


control subjects. The values for the factory personnel were distributed as shown 
in table 2. 
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Since the absorption (and excretion) of vanadium has been demonstrated thus, 
the possibility of general poisoning exists and must be borne in mind in the remain- 
ing discussion of the organs. 

Circulatory System.—As already mentioned, palpitation of the heart on exertion 
is a common symptom and is believed by Wyers* to be due to the effect of 
vanadium. In the present series, in which electrocardiographic examination was 
often recorded, and was made after exertion at least once in most cases, the inci- 
dence of extrasystoles (three cases) was found to be unexpectedly high as compared 
with that in a big control material. A case in which palpitation persisted long after 
heavy dust exposure and in which transient coronary insufficiency was demon- 
strated was most suggestive of heart disease. A few other pathologic electro- 
cardiographic findings are probably of no importance. It seems that the possibility 
cannot be ruled out, but neither can it be established, that the objectively demon- 
strable pathologic changes in the heart may be associated with the exposure to 
vanadium. As to other examinations of the circulatory system, an accentuated 
pulmonary second sound (Wyers‘) was not heard. The blood pressure was not 
taised as compared with that of a control of the same age, nor did it increase during 
the observation period (mean value at the beginning 139.3 + 2.0 mm., mean value 
at the final examination 139.6 + 2.2 mm.). 

Blood.—From the results of the blood examinations it seemed probable that 
there had been a slight decrease in the hemoglobin level during the observation 
period, particularly in the group regularly employed in the factory, although it still 
remained within normal limits. At the first examination there was no difference 
(92.9 + 18 per cent, and 92.5 + 1.36 per cent, respectively). At the final exami- 
nation the difference was greater for the “regulars” (7.8 + 2.36 per cent) than for 
the other group (3.0 + 2.07 per cent). (The same nurse made most of the deter- 
minations with the same standardized Autenrieth-Konigsberger hemometer. ) 
Statistical analysis also shows a slight decrease in the number of red cells during 
the same period in the “regulars” (4,960,000 + 90,000, and 4,640,000 + 120,000, 
respectively), which, however, did not cover a wide range and should also be con- 
sidered to lie within normal limits. With regard to these phenomena and their 
pathogenesis (toxic effect? secondary factors, such as infections of the respiratory 
tract?) only future observation will afford the answer. 

No tendency toward leukopenia was present, nor was there any eosinophilia in 
the material as a whole. Of a number of patients who had eosinophilia of 6 per 
cent or more, only one was found to be allergic to vanadium. 

No red cells containing basophilic granules (stippled cells) were observed. 


Liver.—As a lesion of the liver was theoretically possible, the urine was tested 
for urobilin according to Schlesinger’s method. The number of positive reactions 
was no higher in this than in a control material. The values for serum bilirubin 
(according to Jendrassik and Grof '*) and alkaline phosphatase (Buch and Buch **) 
were normal, and Takata’s test and the formaldehyde-gel test were negative in the 
examined cases. The fact that the thymol turbidity test (Shank and Hoagland) 

14. Jendrassik, L., and Grof, P.: Vereinfachte photometrische Methoden zur Bestimmung 
des Blutbilirubins, Biochem. Ztschr. 297:81, 1938. 


15. Buch, I., and Buch, H.: An Improved King and Armstrong Method for the Determi- 
nation of Phosphatase Activity in Blood Serum, Acta med. scandinav. 101:17 and 119, 1939. 
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gave a value slightly higher than the normal (3.35 + 0.34 and 1.75 + 0.14 units, 
respectively ) may indicate lesions of the liver. There was no rise in the mean value 
during the observation period, and in a case in which the turbidity test gave 
increased values the plasma proteins showed normal values by moving-boundary 
electrophoresis. Although the greatest caution should be used in evaluating the 
result of the thymol turbidity test, the possibility still cannot be ruled out that the 
slight rise may be due to the toxic effect of vanadium. 

Urinary Tract-—The urine revealed no signs of disease of the urinary tract 
which may reasonably have been caused by vanadium. 

Skin.—Several cases of lesions of the skin occurred in the factory, particularly 
during the first year of observation. In view of the appearance (itching papules or 
dry seborrhea-like or discharging patches) and localization (chin and cheeks, 
around the face mask, hands and fingers, wrists, forearms, legs or dorsa of the feet) 
occupational dermatitis was suspected. In one case allergy was undoubtedly demon- 
strated when the patient was given a patch tests with a sodium vanadate solution, and 
in three cases an allergic eruption seemed possible. That the reaction in the first- 
mentioned case was eczematous was verified on histologic examination. No allergy 
was demonstrated with certainty in the remaining cases of eczema (five cases). 
Moreover, respiratory symptoms and possibly also lung involvement, which may, 
conceivably, be of allergic origin (at least partly), seemed to be fairly common in 
the workers who reacted positively to the skin tests. I admit that this observation, 
although interesting, does not, for the present, permit of any definite conclusions 
as to the significance of allergy in this respect. 


Miscellaneous Observations —As for other examinations and observations, the 
following may be worth mentioning: The sedimentation rate of erythrocytes 
(Westergren) was slightly increased (at the first examination, 7.36 + 0.81 mm.). 
The most probable cause may be an increased tendency toward infection (for 
example, of the respiratory tract). Fever was present only in the cases of pneu- 
monitis. No reducing substance or coproporphyrin occurred in the urine in any 
of the cases. 

In no case was emaciation recorded. On the contrary, most of the workers 
gradually gained weight. 

Weakness and fatigue were common symptoms after heavy acute exposure to 
dust. The giddiness which was present in some cases cannot justifiably be attrib- 
uted to the vanadium, as the history and the findings in the different cases indicated 
other, principally functional, causes. As tremor (of short duration) was present 
in only one case, Wyers’ observation that tremor is one of the main symptoms has 
not been confirmed in the present investigation. Symptoms of a neurasthenic 
character were recorded in some cases. 

Thus, the respiratory symptoms are the chief clinical features. Other symptoms 
are the acute changes of pneumonic type in the lungs, and the eczematous lesions 
of the skin, some of which were found to be associated with allergy of the skin 
shown to be due to vanadium. In view of the demonstrated absorption of vanadium 
the possibility of general poisoning must also be considered. However, this possi- 
bility has not been borne out by any conclusive evidence. Should general poisoning 
be present, it must at any rate be considered to be of a mild nature and of no great 
significance. 
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Prognosis—The disease caused by vanadium pentoxide dust is of an acute 
nature. As a rule, the symptoms appeared within a week after the first inhalation 
of dust, probably sooner on repeated exposure. The duration varied from some 
days to a few months (average sick-leave 13.5 days), depending on, for example, 
the degree of exposure. The prognosis was favorable, and in most cases the symp- 
toms subsided. Among the persistent complications should be noted the slight to 
moderate chronic changes in the mucous membranes of the upper respiratory 
tract and the allergy. Although no severe chronic lesions of the bronchi or the 
lungs were demonstrated, this possibility should be taken into consideration in 
view of earlier authors’ observations (Symanski®; Wyers *). 

Diagnosis——With regard to the diagnosis and the differential diagnosis it may 
be said that it is not always easy to distinguish the disease due to inhalation of 
vanadium dust from an acute infection of the respiratory tract. The possibility of 
exposure to vanadium dust must be ascertained. Determinations of the blood and 
urine contents of vanadium are also an aid to diagnosis. Any eczema present is 
considered to be caused by vanadium only after a patch test has shown a positive 
result. 

The pathologic condition described here should be regarded as an occupational 
disease. 

Therapy.—The treatment was simple and mostly symptomatic: rest or resort 
to other work (preferably outdoor work), use of a potassium-iodine solution as an 
expectorant in a mixture containing a racemic (optically inactive) form of ephedrine- 
hydrochloride.'* One patient was treated for pneumonitis with sulfonamides and 


penicillin. The skin lesions were treated according to the usual principles of eczema 
therapy. 


In view of the possibility of general poisoning and in consideration of other 
investigators’ results with dimercaprol (BAL) in poisoning with, for example, 
arsenic, antimony and some other metals, this remedy was tried in two cases with 
two simultaneously exposed workers as control subjects. In both cases it seemed 
possible that the dimercaprol treatment had a favorable effect, as both the respira- 
tory symptoms and the fatigue subsided more rapidly than in the two untreated 
persons. 

Prophylaxis —The best preventative is clearly the elimination of the dust. Dur- 
ing the course of the years the following precautionary measures have been taken 
at the Falun factory: All machinery for processing dry materials is enclosed and 
works under negative pressure. Exhausts are placed where dust or fumes are 
likely to appear. The formation of dust, however, cannot be entirely avoided in the 
process of repairs, reconstructions and similar work, and now the symptoms appear 
only on these occasions. As the dust is bound to spread, workers not engaged in 
the actual dust-producing task but working in the same room may be affected. In 
view of this risk all the workers are equipped partly with dust respirators, partly 
with air-line respirators. The handling of vanadium-containing material without 
the protection of masks is not allowed, and air masks are worn in all processes 
likely to involve formation of dust. Strict personal hygiene with washing of the 
exposed parts of the body is an important factor in preventing eczema. Shower 


16. Ephetonine® (phenyl methylamino hydroxy propane [CseHsCHOH.CH(CH:;).NH.CHs]), 
an isomer of ephedrine. 
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baths are provided, and the overalls are washed at the factory’s expense, especially 
after exposure to dust. 

Medical supervision of the workers is a part of the prophylaxis. Consideration 
should be paid to the state of health of the vanadium worker at the time of his 
employment. Any person showing symptoms of chronic disease of the lungs or of 
the respiratory tract should, in my opinion, be disqualified. A roentgenologic study 
of the lungs (screening) should complete the usual somatic examination, and this 
should include blood tests, especially a test of the peripheral blood for eosinophilia, 
the erythrocyte sedimentation test and, for the present, also the thymol turbidity 
test. If the person concerned has worked with vanadium previously, a patch test 
should be made with a 2 per cent sodium vanadate solution. 

At least twice a year, and oftener when necessary, all the workers should be 
subjected to control examinations including the aforementioned test of blood 
and urine. The thymol turbidity test need be made only once a year, or at any time 
in the event of particularly severe symptoms. The same applies to the determina- 
tion of the vanadium contents of blood and urine. Roentgenologic examination 
(screening) of the lungs and a patch test should be made once a year, or oftener 
when necessary. In cases of eczema caused by vanadium the patient should as a 
rule be given a change of work. 


AN 


INVESTIGATION OF THE ACTION OF INHALED VANADIUM 
PENTOXIDE DUST ON ANIMALS 


In order to study the action of vanadium pentoxide dust on animals, inhalation 
experiments were carried out on rabbits according to Deichmann’s ** technique, 
with an apparatus which renders possible a determination of the dust concentration 
during the experiment according to the filter paper method (figure). 

The dust used in the experiments was the purest products, ground and dried, 
from the Falun factory, containing about 99.9 per cent of V,O,. The particles of 
this dust were smaller than those of the factory dust (33 per cent below 10). It 
was found that the preparation was more readily dissolved in body fluids (human 
serum, transudate from the pleura) than in distilled water, which may be due to its 
higher solubility in alkali, as well as to other factors which do not fall within the 
scope of the present work. 

The details of the exposure and other procedures have been given elsewhere 
(Sjoberg '**), 

It was soon found that a high concentration of dust had a distinct effect on the 
animals, causing rapid snuffling, discharge of the nose, purulent discharge of the 
eyes and in some instances diarrhea, and that in some cases death occurred after 
about six to 36 hours. The product c.t, where c equals the dust concentration and t 
the time of exposure, represents the amount of dust inhaled by the animals. Death 
seemed to occur at a value for c.t of about 86, when c is calculated in milligrams per 
liter and t in minutes, whereas smaller amounts were tolerated and did not cause 
death. Admittedly, the dust concentration and the time of exposure varied, chiefly 
because of the difficulty in assuring a constant and sufficiently high concentration 


17. Deichmann, W. B.: A “Dustshaker”: An Apparatus Designed for the Production of 
Controlled Dust Concentrations in the Air Breathed by Experimental Animals, J. Indust. Hyg. 
& Toxicol. 26:334, 1944. 
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during short exposures; the range of these doses, however, is comparable with the 
scanty data in the literature (Heimberger *). 
The experiments were divided into three groups: 


1. Experiments in which 13 animals were exposed to high concentrations of dust (c.t varying 
up to 44.46) for one or two days and then were subjected to autopsy, both those which had 
died during the course of the experiment and those which had been killed. 

2. Experiments in which six animals were exposed as in (1) but were allowed to recover 
for 24 days, whereupon they were killed and subjected to autopsy and compared with a series 
of equally exposed animals belonging to group 1. 

3. Experiments in which 12 rabbits were exposed to vanadium dust for one hour each day 
(with the exception of holidays) for a total period of eight months and were then killed and 
examined. 


Drying column 
(silica gel with indicator ) 


Metal funnel, with wire screen 


Openings for heads, 
faced collars 


The apparatus used in the dust exposure experiments. 


With the exception of those used in the very beginning, the animals were killed in the 
following manner: About 1.8 mg. of tubocurarine chloride was injected intravenously. This 
preparation was chosen to avoid convulsions, and total paresis set in rapidly in most cases. 
When the action of the heart showed tendencies toward ceasing, one carotid artery was severed 
and the blood withdrawn so far as possible by holding the animal upside down. 


The appearance and in some cases also the weight of the organs were recorded 
on autopsy. The following examinations of the different organs were made: 


1. Microscopic examination and comparison of exposed rabbits and controls from the same 
stables. 


2. Historadiographic examination of the lungs according to the method described by 
Engstrom.18 A microtome section of the lung tissue fixed by the freezing-drying technique and 


18. Engstrém, A.: Quantitative Micro- and Histochemical Elementary Analysis by Roentgen 
Absorption Spectrography, Acta radiol., supp. 63, 1946; Microradiography, ibid. 31:503, 1949. 
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about 5u in thickness was pressed against a film, and an image of the section was recorded on the 
film by soft x-rays filtered through 9« of aluminum. The dust particles were in strong contrast 
with the lung tissue, and their structure agreed with that of the particles of the preparation used. 


3. Microincineration. This technique was applied on some sections as a complement to the 
historadiographic procedure. The sections were incinerated at 500 C. and examined in the 
dark field microscope. As all organic substance was burnt away, the dust particles showed up 
as bright spots. 

4. Spectrographic analysis. Organs from nonexposed controls were found to contain no 
demonstrable vanadium. 

5. Testing of the elasticity of the lungs of the long-exposed animals by successive inflation 
and registration of the pressure in the respiratory passages according to Friberg ® (cf. the 
original work by Sjéberg 124), which is similar to the technique employed by Van Allen and 
Wu.?? 

In the animals exposed to high concentrations of dust for a short period (group 
1) these examinations showed the following abnormalities: conjunctivitis; acute 
laryngotracheitis, in some cases of membranous type; acute bronchopneumonic 
patches containing particles of vanadium pentoxide dust, in most cases few and 
not of the smallest size; fatty degeneration of the liver, in some cases more appre- 
ciable than in the controls; increased, varying content of vanadium in most 
examined organs ; enteritis in some cases. 

With another group of animals exposed as those of group 1, the thymol turbid- 
ity value was slightly increased. 

The animals which were allowed to recover (group 2) showed slight chronic 
tracheitis, atelectatic (apparently postpneumonic) areas of the lungs and areas 
with dilated alveoli. In one animal emphysema was noted. No dust was found 
in the lungs of some of the animals, although the vanadium content of most of the 
examined organs, including the lungs, was high. 

The animals which had been exposed to mostly low concentrations of dust for 
a long period (group 3) showed the following abnormalities: chronic inflamma- 
tory changes in the nasal and the tracheal mucosa; emphysema of the lungs and 
bronchopneumonic patches, in most cases containing a few particles of vanadium 
pentoxide dust; probably reduced elasticity of the lung; small round cell infiltra- 
tions of the liver (most probably of infectious origin) ; pyelonephritic changes in 
some cases; varying increased content of vanadium in the examined organs with 
the exception of the intestine, which contained no demonstrable vanadium. 

To test the ability of vanadium pentoxide dust to produce fibrosis, the substance 
was injected intraperitoneally into a series of guinea pigs, according to the method 
of Sayers, Miller and Yant*! (1935). No delayed peritoneal reactions were 
observed, which indicates that the dust has in itself no power to produce fibrosis. 

From these animal experiments the following main conclusion may be drawn: 


The fact that the particles were found in the affected areas of the lungs indi- 
cates that the vanadium pentoxide dust is the cause of the pathologic changes. The 


19. Friberg, L.: Health Hazards in the Manufacture of Alkaline Accumulators with Special 
Reference to Chronic Cadmium Poisoning, Acta med. scandinav. 138: supp. 240, 1950. 


20. Van Allen, C. M., and Wu, C.: Increased Elastic Tension of the Lung in Experimental 
Pneumonia, J. Clin. Invest. 11:589, 1932. 


21. Sayers, R. R.; Miller, J. W., and Yant, W. P.: Response of the Peritoneal Tissue to 
Dust Introduced as Foreign Bodies, Am. J. Pub. Health 25:452, 1935. 
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size of the particles (the finest dust was not found at all), the fact that they dis- 
appeared from the lung after some weeks in some cases and the fact that the lungs 
in the long period experiments contained no more dust than did the lungs in the 
short period experiments suggest that the dust—the finest particles in particular— 
is absorbed fairly rapidly from the lung. As V,O, is more readily soluble in body 
fluids than in water, it is probable that the absorption occurs through dissolution. 
In view of this and of the fact that the dust injected intraperitoneally into guinea 
pigs was found to have no fibrosis-producing effect, there are no grounds for the 
development of specific chronic changes in the lungs as a result of inhalation. On 
the other hand, the possibility that persistent bronchitis may give rise to fibrotic 
changes in the lung should not be ruled out. 

Thus the animal experiments have confirmed the clinical observations on the 
following points: the acute, in many cases marked, irritation of the respiratory 
tract and conjunctivas, which is the outstanding symptom; the acute changes in the 
lungs (by far more common in the animals), which should probably be designated 
as pneumonitis caused by vanadium and principally of chemical (or chemical- 
bacterial) origin; the possibility of the development of pathologic changes of a 
mild chronic inflammatory nature in the respiratory tract; the absence of specific 
chronic changes in the lungs, and the possibility of a slight lesion of the liver, which 
may not justifiably be associated with the vanadium. Accordingly, there is no 
certain evidence of chronic general poisoning. No clinical features correspond to 
the emphysema and the postpneumonic atelectasis or the bronchopneumonic- 
atelectatic changes demonstrated in the animals, or to the enteritis which was 
present in some of the animals exposed for a short period. , 

As a preliminary result of tentative treatment with dimercaprol, half of the 
treated animals died quickly, whereas the untreated animals survived. Whether 
this may be a matter of additive effect (Braun, Lusky and Calvery **; Gillman, 
Philips, Allen and Koelle **) remains to be proved. 


SUMMARY 


Vanadium pentoxide is of great and steadily increasing importance, chiefly for 
the manufacture of hard steel alloys. Vanadium pentoxide dust causes, when 
inhaled, an occupational disease which up to now has passed fairly unnoticed and 
has not been made the object of much research. This disease is of a relatively mild 
nature, and the prognosis is favorable. In the present communication it has been 
shown that the outstanding clinical feature is an acute, in some cases marked, irri- 
tation of the respiratory tract, sometimes attended by pneumonia (vanadium pneu- 
monitis). Pathologic changes of a mild chronic inflammatory type may occur in 
the upper respiratory tract. Allergic lesions of the skin may be present. Despite 
the fact that absorption of vanadium has been proved to occur, the possibility of a 
slight lesion of the liver and the slight tendency toward anemia, no definite evidence 


22. Braun, H. A.; Lusky, L. M., and Calvery, H. O.: The Efficacy of 2,3-Dimercapto- 
propanol (BAL) in the Therapy of Poisoning by Compounds of Antimony, Bismuth, Chromium, 
Mercury and Nickel, J. Pharmacol. & Exper. Therap. (supp.) 87:119, 1946. 


23. Gillman, A.; Philips, F. S.; Allen, R. D., and Koelle, E. S.: The Treatment of Acute 


Cadmium Intoxication in Rabbits with 2,3-Dimercaptopropanol (BAL) and Other Mercaptans, 


J. Pharmacol. & Exper. Therap. 87:85, 1946. 
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of chronic general poisoning has been adduced. The investigation includes animal 
experiments, the results of which agree on all essential points with the clinical 
observations. 

The difference with regard to the results and the conception of the disease as 
such in comparison with the findings of earlier investigators (for example, Wyers’) 
may be attributed to differences of starting material, of manufacturing methods, of 
composition of the dust and of duration of exposure. The character of the disease 
caused by the dust must vary accordingly, although the outstanding feature, the 
affection of the respiratory tract, can be said to predominate under all circumstances. 
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News and Comment 


DR. LEGGE RECEIVES KNUDSEN AWARD 


Dr. Robert Thomas Legge, professor emeritus of hygiene and former university physician 
on the Berkeley campus of the University of California, has received the William S. Knudsen 
Award, highest honor in industrial health, from the American Association of Industrial Physi- 
cians and Surgeons. The honor, given only eight times in 36 years, was presented to Dr. Legge 
at a banquet in his honor during the association’s 36th annual meeting in Atlantic City, N. J., 
in April. After service as one of the nation’s first industrial physicians and surgeons at the 
McCloud (Calif.) River and Lumber Company, he assumed his duties at the university as 
professor and chairman of the department of hygiene, university physician, and director of the 
College Hospital on the Berkeley campus in 1915. As university physician Dr. Legge organized 
a students’ health service and inaugurated a system of medical records that has long been a 
model. In 1930 he planned and built the Ernest V. Cowell Memorial Hospital, reportedly the 
first students’ hospital approved by the American College of Surgeons. As lecturer in industrial 
medicine at the university’s medical school, he established courses that were the pioneer intro- 
duction of industrial health into California. Dr. Legge organized the section on industrial 
medicine of the California State Medical Association and was its first chairman. He was one 
of the organizers and first presidents of the Western Association of Industrial Physicians and 
Surgeons, first president of the Pacific Section of the American College Health Association, 
and member and officer of other organizations. Dr. Legge retired as university physician in 1937 
and became professor emeritus in 1942, the year in which the dream of his academic life was ful- 
filled, the creation of the school of public heaith on the Berkeley campus. For 11 years he has 
been associate editor of Industrial Medicine and Surgery. 
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Book Reviews 


Present Status of Silicosis in Italy. By Enrico C. Vigliani. Pp. 145, with 4 illustrations. 
Fratelli Pagano, Genoa, 1950. 


This bulletin is taken from the papers presented at the Fifteenth National Congress of 
Industrial Medicine sponsored by the Italian Society of Industrial Medicine in Genoa, Sept. 
22:to 25, 1949. 

It gives the results of over 200,000 radiologic examinations of industrial workers made by 
mobile x-ray units during the years from 1941 to 1948. Numerous tables are presented showing 
the frequency and distribution of silicosis, asbestosis and tuberculosis in various dusty trades. 
Data on geographical distribution of silicosis and tuberculosis in Italy are given. 

The author objects to regulations which stipulate that the silicotic be given a copy of the 
clinical record, on the grounds that this information often frightens the worker. A preferable 
method is a personal conference in which the employee is (1) informed of his condition in a 
frank but tactful manner, (2) offered advice on what he can do to help himself and (3) given 
guidance in making a decision regarding change in occupation. 

The three main purposes of a physical examination of workers in dusty trades are stated to 
be (1) to acquaint the industry with the magnitude of its health: problems so that adequate 
control measures can be taken, (2) to eradicate tuberculosis and (3) to help make decisions 
regarding change of employment. Changing jobs is justified only when tuberculosis exists 
and silicosis is in danger of developing rapidly. In other cases major emphasis should be put 
on measures for controlling the dust. 

Regulations and policies in effect in several countries regarding change of occupation for 
silicotics are cited. 

In his conclusion Vigliani states that in Italy more than 100,000 workers are exposed to the 
hazard of silicosis. Two thousand of these have silicosis and 4,000 have signs of incipient 
silicosis. To these numbers must be added the hundreds whose cases have been missed and 
600 who have died for whom compensation has already been made. He terms their condition 


a disgrace to society, especially since it is resulting in the decimation of large groups of relatively 
young workers. 


Following the pattern of silicosis research centers in the United States, England, Belgium, 
Germany and Switzerland, Italy has established the Industrial Clinic of Milan where a large 
staff of scientists who are outstanding in the fields of medical science and engineering has 
recently been assembled. Provisions exist for the housing, study and treatment of silicotic 


patients. Close collaboration with universities, hospitals, industry and other research centers 
in Italy and abroad is projected. 


Following the paper are discussions in which 12 leading Italian professional workers in the 
field of silicosis participate. 


There is appended a bibliography of 449 abstracts of Italian publications on silicosis and 
other pneumonoconioses, listed alphabetically by author and chronologically from 1871 to 1949. 


A. T. Rossano Jr., Boston. 
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Dectlor—here is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


(ASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


| BOOKLETS ON 


MENTAL HYGIENE 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T. 
R. Retlaw. 8 pages. 15 cents. 

MEETING EMOTIONAL DEPRESSION. Franz Alex- 
ander. 16 pages. 15 cents. 


REPORT OF A.M.A. COMMITTEE ON MENTAL 
HEALTH. 48 pages. 15 cents. 


MESMERISM MINUS MESMER. Stefan Zweig. A 
discussion of hypnotism. 5 pages. 5 cents. 


NERVOUSNESS. Isidore Margaretten. 4 pages. 5 
cents. 


THE TYRANNY OF NERVES. Eoline Church Dubois. 
3 pages. 5 cents. 


SHOCK THERAPY SAVES MINDS. Harold Shryock. 
5 pages. 5 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


LIGHTFOOT SCHULTZ -CO., 663—Sth AVE., NEW YORK 22 


| 
| 


MEDICAL RESEARCH COUNCIL 
OF GREAT BRITAIN 


Selected Publications 


Social Consequences of Pneumoconiosis 
in South Wales Coalminers. By P. Hugh- 
Jones and C. M. Fletcher. 
Memorandum No. 25  45¢ including postage 
Industrial Fluorosis. A Study of the Haz- 
ard to Man and Animals Near Fort Wil- 
liam, Scotland. 
Memorandum No. 22 $1 including postage 
Infection and Sepsis in Wounds of the 
Hand. By R. E. O. Williams and A. A. Miles. 
Special Report Series No. 266 
40¢ including postage 
Researches on the Measurement of 
Human Performance. By N. H. Mackworth. 
Special Report Series No. 268 
$1 including postage 
Report of the Medical Research Council 
for the years 1945-1948. 
$1.25 including postage 


British GOVERNMENT PUBLICATIONS: SEC- 
TIONAL List No. 12 


A catalogue of the egg of the Medical 
Research Council and their Industrial Health 
Research Board. Free of charge 


OBTAINABLE FROM 
BRITISH INFORMATION SERVICES 


30 Rockefeller Plaza, New York 20 


CORDA-CAPES 


DISPOSABLE EXAMINATION CAPES 
NON-RATTLING IN THE STETHOSCOPE 
for examination of girls and women. 


CHARLES F. HUBBS & COMPANY 


Est. 1855 
389 Lafayette Street, New York 3 


“Living Tissue 
Constantly 
Renews Itself” 


A. M. A. 


Archives of 


PATHOLOGY 


CONSTANTLY drawing upon the current 
research and conclusions of outstanding 
workers, A. M. A. Archives of PATHOL- 
OGY presents a searching monthly ex- 


amination of the field . .. a live report 


of significant developments as they occur. 
Exhaustive studies of the course of disease. 
Laboratory methods and technical notes. 


Discoveries resulting from chemical and 
biological research. 


Classification and comment. 


Reviews of important current books and 
articles. 


Copious illustrations. 


Authoritative editorial leadership. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois 


Please Begin My Subscription to A. M. A. Archives of 
PATHOLOGY with the Next Issue. 


$9.00 FOREIGN $8.40 CANADIAN 
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BELIEVE IN 
YOURSELF? 


Doctor, you probably have read a great deal of cigarette 


advertising with all sorts of claims. 
So we suggest: make this simple test... 


Take a Puitre Morris—and any 
other cigarette. Then, 


| Light up either one. Take a puff 
2 —don’t inhale — and s-l-o-w-l-y 
let the smoke come through your nose. 


Now do exactly the same 
o thing with the other cigarette. 


Then, Doctor, BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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Otorhinolaryngologists frequently express preference for 
Neo-Synephrine hydrochloride to alleviate turgescence and 
nasal congestion in colds, sinusitis and various forms of rhinitis. 

“When considerable nasal obstruction exists, relief may be 
obtained by the instillation of some shrinking agent into the 
nose ...as for example Neo-Synephrine hydrochloride (%4%)”! 

A “desirable preparation of this type has been perfected 
in Neo-Synephrine hydrochloride. It may be used for local 
application in the nose in % to 1% solution.””” 

Neo-Synephrine’s “desired effect occurs within from two 
to fifteen minutes...”* 
“Its action is sustained for two hours or more.””* 

Neo-Synephrine hydrochloride is notable for freedom from 
sting and for effectiveness on repeated application. There are 
few complaints of after effects such as burning and nasal con- 


gestion ...and little tendency to develop local sensitivity.’ 


Inc. 
New Yorw 18, N.Y. Winosor, Ont. 


1. Tuff, L.: Clinical Allergy. Philadelphio, W. 8. Sounders Co., 1947, pp. 335-336. 
2. Hansel, F. K.: Allergy of the Nose and Paranasal Sinuses. St. Lovis, C. V. Mosby Co., 1936, p. 769. 
3. Kelley, S. F.: Choice of Sympathomimetic Amines, Cornell Conferences on Therapy, !!, 1947, p. 156. 


Neo-Synephrine, trademark reg. U.S. & Canada, brand of phenylephrine 
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